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PREFACE 


This  Is  a report  of  the  research  and  development  study  of  the  process 
for  the  production  of  hydrazine  fuels  from  urea.  The  work  was  conducted 
by  IITR1  between  April  1976  and  September  1977  under  Contract  No. 

F046 11  "76-0-004*:  H3 

Dr.  Alian  Gray,  Scientific  Advisor,  supervised  the  chemistry  studies 
and  Mr.  Edward  Fochtman,  Engineering  Advisor,  supervised  the  engineering 
studies.  Dr.  Jack  Veal,  Research  Chemist,  joined  the  program  In 
November  1976  and  developed  the  hydrazine  analytical  techniques. 

The  Air  Force  Project  Officer  was  Captain  Steven  Max;  he  was  reassigned 
in  June  1977  and  Mr.  Forrest  Forbes  served  as  Project  Officer  for  the 
remainder  of  the  effort. 

The  staff  at  the  Space  and  Missile  System  Organization,  notably 
Mr.  Sherwin  Lewis,  Dr.  H.  Taklmoto,  and  Major  James  Kephart,  maintained  a 
high  level  of  Interest  In  the  program  and  assisted  the  Air  Force  Project 
Officer. 

Data  generated  during  this  program  are  recorded  in  the  following  IITRI 
logbooks:  C22720,  C22722,  C22725,  C22729,  C22784,  C22787,  C22856,  C22874, 
C22883,  C22910,  C22916,  D2055,  C22920,  C22921,  C22978,  C23229,  C23232,  and 
D2058. 
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1.  INTRODUCTION 

1.1  General  Background 

The  following  three  storable  amine  fuels  are  used  for  liquid  propulsion 
In  rocket  engines: 

Monomet.hyl  hydrazine  (MMH) 

Unsymmetrlcal  dimethyl  hydrazine  (UDMH) 

Anhydrous  hydrazine  (HZ). 

As  of  December,  1975,  there  were  sources  for  all  of  these  fuels,  how- 
ever, environmentally  unacceptable  wastes/by-products  and  limited  plant 
capacity,  combined  with  proprietary  production  methods,  made  the  supply 
tenuous.  The  Air  Force  decided  to  develop  a chemical  synthesis  method 
which  could  be  applied  to  a moderate  scale  production  facility  to  produce 
the  fuels  In  an  environmentally  acceptable  manner  In  the  event  that 
current  suppliers  could  not  meet  Air  Force  and  NASA  needs.  The  plant  was 
to  be  designed  for  a 1,000,000  lb/yr  production  capacity  of  MMH  and  of  UDMH. 

A promising  chemical  route  to  all  three  fuels  Is  the  urea  process  which 
had  been  successful  on  the  plant  scale  for  hydrazine  and  had  been  demon- 
strated on  the  laboratory  scale  for  MMH  and  UDMH.  When  attempted  on  the 
plant  scale,  however,  results  for  MMH  and  UDMH  production  were  Inconclusive. 

A contract  to  determine  the  economical  feasibility  of  producing  MMH 
and  UDMH  via  the  urea  process  on  the  pilot  plant  scale  was  awarded  to 
IITRI  on  April  19,  1976.  This  is  a report  of  that  Investigation,  conducted 
from  April  19,  1976  to  September  19,  1977.  The  program  involved  a litera- 
ture review,  experimental  evaluation  of  several  chemical  routes  for  the 
production  of  the  urea,  preliminary  economic  evaluations,  and  more  exten- 
sive laboratory  and  pilot  plant  verification  of  the  selected  process. 

A summary  of  the  various  chemical  routes  and  experimental  results  are 
presented  here;  more  details  are  available  in  the  bi-weekly  program 
reports. 
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1.2  Alternate  Processes  for  Urea  Production 


The  first  step  in  the  urea  process  involves  the  production  of  the  mono- 
methyl or  the  dimethyl  urea  which  is  then  converted  Into  the  corresponding 
hydrazine. 

The  alternate  process  for  the  production  of  monomethyl  urea  (MMU)  and 
the  unsymmetrical  dlmethylurea  (UDMU)  are  discussed  In  the  following. 

Efforts  of  the  program  were  concentrated  on  the  MMU-MMH  process. 

1.2.1  Phosgene  ( C0C1 2 ) Process 

Phosgene  (P),  DMA,  and  NH3  have  been  reacted  In  a toluene  solvent  to 
form  DMU  with  about  an  85£  yield: 

0 

(1)  C0C12  + 2 ( CH  3 ) 2NH  (CH3)2NCC1  + (CH3)2NH2C1 

P DMA  CMCC*  DMAC 

0 

(2)  (CH3)2NH2C1  + C0C1 2 (CH3)2NCC1  + 2HC1 

DMAC  P CMCC 

0 

(3)  (CH3)2NCC1  + 2NH  s -*•  (CH3)2NCNH2  + NH4C1 

CMCC  DMU 

Although  this  process  is  of  Interest,  the  shipping  and  handling  of 
phosgene  presents  both  technical  and  policy  problems.  In  view  of  these 
problems.  It  was  decided  to  concentrate  efforts  on  those  chemical  processes 
which  did  not  Involve  hazardous  starting  materials.  No  laboratory  work  on 
this  process  was  conducted  during  the  program. 


♦suspected  carcinogen 
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1.2.2  Urethane  Process 


The  synthesis  of  substituted  ureas  might  be  accomplished  by  the  reac- 
tion of  an  amine  with  urethane.  The  proposed  reaction  would  be: 

0 0 

ch3nh2  + ch3ch2o-cnh2  -*>  ch3nhc-nh2  + CH3CH20H 

The  reaction  was  Investigated  In  the  laboratory  using  a solution  of 
37.7  ml  aqueous  methyl  amine  (0.5  mole),  40  ml  H20,  83.0  ml  of  6.08  N HC1 
and  45.0  g (0.5  mole)  of  urethane.  The  mixture  was  refluxed  for  2 hours 
at  atmospheric  pressure  (100-105°C).  Little  or  no  reaction  occurred  under 
these  conditions.  Use  of  excess  methylamine  and  up  to  3 hours  reaction 
time  did  not  Improve  matters.  No  further  work  was  conducted  on  the  process. 

1.2.3  Cyanate  Process 

Reaction  of  an  amine  with  sodium  cyanate  will  give  the  urea: 

HC1  2 

CH3NH2  + NaCNO  + CH3NH-C-NH2  + NaCl 
H2O 

Such  a process  would  offer  several  advantages  and  was  Investigated  in 
the  laboratory  using  0.5  moles  MMA  + 0.5  Moles  NaCNO  + .5  Moles  HC1 . The 
reaction  could  be  conducted  at  concentrations  which  would  give  90+X  yield 
of  methyl  urea  and  methyl  urea  concentrations  of  10  wt$.  The  reaction  was 
verified  In  a 23  gal  pilot  batch. 

MMU  from  this  reaction  was  reacted  with  NaOCl  to  give  overall  yields 
that  ranged  from  50  to  75X. 

Only  one  U.S.  commercial  source  of  supply  for  the  sodium  cyanate  was 
located;  the  Diamond  Shamrock  Corporation.  "Off  shore"  sources  that  sold 
through  U.S.  representatives  were  located.  Practically  the  total  produc- 
tion of  the  Diamond  Shamrock  Plant  Is  used  Internally  and  their  facilities 
would  have  to  be  expanded  (almost  doubled)  to  provide  for  the  needs  of  the 
Air  Force  Fuels  Program. 
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Cost  of  the  sodium  cyanate  was  quoted  at  about  $. 44/lb  for  90+% 
material.  Slightly  lower  costs  were  quoted  for  less  pure  material.  The 
major  Impurity  Is  sodium  carbonate.. 

A preliminary  economic  analysis  Indicated  little.  If  any,  cost  advan- 
tage over  the  urc*3  process  which  has  lower  yield  but  less  expensive  raw 
materials. 

In  view  of  the  time  requirements  of  the  Air  Force  Fuels  Program  and 
the  need  to  greatly  increase  current  sodium  cyanate  plant  capacity  coupled 
with  marginal.  If  any,  advantages  of  the  process,  the  IITRI  program  team 
recommended  that  the  process  be  shelved  in  favor  of  the  urea  process. 

1.2.4  Anhydrous  Urea  Process 

MMU  can  be  prepared  by  the  reaction  of  urea  (U)  with  MMA  under  anhy- 
drous conditions. 

0 H HO 

NH2CNH2  + CHjli-H  CH3N-C-NH2  + NH3 

U MMA  MMU 

This  process  was  Investigated  in  the  laboratory  using  a 2-11  ter  stain- 
less steel  stirred  reactor.  A charge  of  120  g (2  moles)  of  urea  and  125  g 
(4  moles)  of  MMA  were  reacted  at  approximately  110°C.  Cooling  was  applied 
as  necessary. 

During  this  period  HPLC  (high  pressure  liquid  chromatographic)  analysis 
techniques  were  under  development  and  exact  yield  figures  were  not  available; 
however,  estimated  yields  were  above  70%  and  could  have  reached  90%.  There 
was  an  Indication  of  SDMU  (symmetrical  dlmethylurea)  formation. 

Since  the  MMU  must  be  dissolved  in  water  for  the  next  step,  there 
would  be  very  little  advantage  In  using  an  anhydrous  high  pressure 
(400-500  pslg)  process  If  an  aqueous  process  would  yield  the  same  result. 
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1.2.5  Aqueous  Urea  Process 

This  process  Is  essentially  the  same  as  the  anhydrous  urea  process 
except  that  It  Is  conducted  In  water  and  at  a lower  pressure.  This  became 
the  process  of  choice  and  was  studied  most  extensively  In  the  laboratory 
and  pilot  plant  verification  runs.  The  process  is  shown  In  Figure  1. 

Yields  of  70-75X  MMU  and  up  to  98£  UDMIJ,  based  on  urea,  were  obtained. 

The  production  of  MMU  by  this  process  was  verified  In  the  pilot  plant 
and  the  product  further  processed  to  produce  specification  grade  MMH. 

1 . 3 Preliminary  Economic  Analysis 

During  the  screening  of  the  various  reaction  routes,  >n  attempt  was 
made  to  develop  an  economic  ranking  of  each  MMH  process.  The  lack  of  well 
defined  process  flow  diagrams,  yield  data,  by-product  formation,  etc., 
made  the  analysis  very  preliminary  in  nature  and  simply  a gauge  of  major 
cost  factors.  The  analysis  indicated  no  significant  difference  In  the 
estimated  cost  of  MMH  produced  by  the  cyanate  and  the  cost  of  MMH  pro- 
duced by  the  urea  process. 
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Figure  1.  MMH  via  the  Urea  Process. 


2. 


BASIS  OF  THE  STUDY 


The  following  factors  served  as  guidelines  for  the  study: 

1.  The  process  to  be  developed  should  be  suitable  for  production 
of  both  MMH  and  UDMH;  production  of  Hz  was  of  secondary 
Importance. 

2.  The  full-scale  plant  should  produce  one  million  pounds  per 
year  of  MMH  and  one  million  pounds  per  year  of  UDMH.  Assuming 
a 2-week  changeover  from  MMH  to  UDMH,  and  a 5-day  3-shlft 
operating  schedule,  production  should  be  400  Ibs/hr. 

3.  The  process  should  be  safe  and  present  no  unusual  health  or 
environmental  Impacts. 

4.  All  by-products  and  waste  streams  should  be  fully  treated  to 
eliminate  hazards  to  health  or  the  environment. 


3 . PROCESS  DESCRIPTION  AND  TECHNICAL  FEASIBILITY  STUDY 


3.1  Introduction 

In  September  1976  the  IITRI  staff  recommended  to  the  Air  Force  that 
all  further  efforts  on  the  program  be  devoted  to  the  development  of  the 
aqueous  urea  process.  The  basis  for  this  recommendation  were: 

1.  MMU  yields  were  good 

2.  Raw  material  costs  were  low 

3.  The  reaction  was  easily  controlled 

4.  Raw  materials  were  readily  available  In  quantities 

requl red 

5.  Equipment  and  processing  costs  were  considered  to 

be  reasonable. 

Subsequent  work  Involved  selection  of  the  optimum  conditions  for  pro- 
duction of  MMU,  the  evaluation  of  optimum  conditions  for  reacting  fIMU  with 
NaOCl , and  the  development , of  the  MMH  recovery  and  purification  process. 
Laboratory  studies  were  followed  by  verification  of  the  process  using 
25-40  gal  batches  of  starting  materials  and  the  production  of  liter 
samples  of  MMH  for  Air  Force  evaluation. 

In  the  following  section  we  have  presented  an  overview  of  the  MMH 
process.  This  Is  followed  by  sections  In  which  .-e  have  described  each 
step  In  the  process  starting  with  the  literature  references,  then  the 
laboratory  work,  and  finally  the  verification  runs.  This  Is  followed  by 
a description  of  the  proposed  process,  process  flow  sheets,  material  and 
energy  balances,  and  appendices  describing  equipment  and  analytical 
procedures. 

In  the  conversion  of  MMU  and  UDMU  to  MMH  and  IIDMH,  large  quantities 
of  salt  (NaCl)  are  produced.  This  salt  could  be  disposed  of  by  various 
means;  however.  It  may  be  best  to  electrolyze  the  salt  to  produce  NaOCl, 
NaOH,  and  HC1 , which  can  be  recycled  to  the  process.  The  electrolysis 
of  this  salt  Is  a commercially  available  process  and  Is  not  described  In 
detail  here. 

Data  regarding  waste  streams  and  purification  of  plant  discharges 
are  discussed  where  available. 
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3 . 2 Overview  of  the  Urea:MMH  Process 


Primary  emphasis  during  the  program  was  focused  on  MMH.  Parallel 
■ laboratory  work  for  the  production  of  UDMH  Indicates  that  better  yields 

will  be  obtained  and  that  the  recovery  and  purification  process  will  be 
easier. 

> 

The  overall  process  flow  diagram  for  the  production  of  MMH  by  the 
urea  process  Is  shown  in  Figure  1.  The  process  involves  three  major 
steps: 

1.  Reaction  of  aqueous  urea  and  MMA  to  form  MMU 

2.  Reaction  of  MMU  solution  with  NaOCl  to  form  MMH 

3.  Recovery  and  purification  of  MMH. 

Each  of  these  steps  and  the  associated  unit  processes  are  discussed 
In  the  following  sections. 

t 

3.3  Production  of  MMU 

3.3.1  Introduction 

MMU  Is  readily  produced  by  the  reaction,  either  anhydrous  or  In  an 
aqueous  solvent,  of  MMA  and  urea.  Both  MMA  and  urea  are  commercially 
available  chemicals,  but  MMU  is  available  only  through  specialty  chemical 
sources. 

The  overall  yield  for  this  reaction  has  been  determined.  However, 

i the  exact  mechanism  and  rates  for  the  Intermediate  products  are  not  known. 

The  overall  reaction  Is: 

\ 0 H HO 

| NH2-C-NH2  + CH  j-N-H  -*•  CHsN-C-NH2  + NHs  (1) 

: U MMA  MMU 

* 

| Shaw  and  Bordeaux  have  Investigated  the  decomposition  of  urea  In 

aqueous  solution.  Their  results  Indicated  that  urea  decomposes  by  the 
reaction: 


■ % 
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(2) 


,,  k» 

NHj-C-NHj  -*•  HN-OO  + NH} 

The  reaction  was  shown  to  be  first  order  with  respect  to  urea  over  a 
wide  concentration  range,  with  faster  rate  at  higher  temperature.  They 
studied  a temperature  range  from  60  to  90 °C.  Shaw  and  Grushkln  studied 
the  kinetic  behavior  of  methylurea.  It  was  postulated  that  there  were 
two  parallel  reactions  for  methylurea  decomposition: 


• 2 ho  .w-CHjNHi  + NH»  + CO* 
ch2-n-c-nh2  M<hncq  + CH|NHj 


(3) 


The  conclusions  of  these  studies  were  that  (1)  the  decomposition  of 
urea  proceeds  at  a faster  rate  than  the  dissociation  of  methylurea  and 
(2)  both  reactions  were  temperature  sensitive. 

Based  on  the  understanding  of  the  decomposition  of  urea  and  methyl- 
urea  It  Is  reasonable  to  postulate  the  aqueous  urea  reaction  with  MMA 

i 

will  be  as  follows: 


„ k, 

NH2-C-NH2  -*•  NH«C«0  + NH, 


U 


(4) 


KN-C-0  + CHjNHj  -*■  CH,NH-C-NH2 
MMA  MMU 


(5) 


„ . *,CH,NH2  + NH,  + C02 

CH,NH-C-NH2 

\ ^CH,NH2  + NH-C-0 


(6) 


0 0 

CH,NH-C-NH2  + NH-C-0  * CHiNH-C-NH-C-NHj 


k u 

CH,N«C«0  + CH,NH2  * CH,NH-C-NH-CH,  + NH, 

SDMU 


(7) 

(8) 
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For  this  application  reactions  (4)  and  (5)  are  the  desirable  reactions, 
whereas  reactions  (6),  (7),  and  (8)  are  undesirable. 

If  an  excess  of  MMA  Is  used  It  will  effectively  consume  all  the  cyanate 
(NH-OO)  produced  by  the  decomposition  of  urea.  As  a result  It  will  assist 
reactions  (4)  and  (5)  and,  at  the  same  time,  will  suppress  reactions  (6) 
and  (7).  Excess  MMA  will  Increase  the  production  of  SDMU  (reaction  8). 

For  these  reasons  It  was  necessary  to  find  the  optimum  mole  ratio  of 
MMA/Urea,  l.e.,  the  ratio  that  would  produce  the  most  MMU  with  little  or 
no  SOMU. 

The  rate  equation  for  the  decomposition  of  urea  can  be  written  In  the 

form 

dCA/dt  - -kv  CA  (9) 

where  CA  Is  the  unreacted  urea  remaining  In  tl.e  reactor.  Equation  9 can 
be  solved  for  Cft: 

CA  - CAq  exp  (-kit)  (10) 

In  (1-XA)  • k,t  (11) 

It  appears  that  the  urea-amine  reaction  Is  a first  order  reaction. 

Data  from  reactions  No.  21  and  No.  31  are  shown  In  Figure  2.  After 
120  minutes  of  reaction  time  there  does  not  appear  to  be  sufficient  MMA  to 
react  with  the  cyanate  and  the  cyanate/ammonla  reaction  which  forms  the 
urea  Is  a strongly  competitive  reaction  at  these  concentrations.  Increas- 
ing the  MMA  concentration  tends  to  Increase  the  formation  of  SDMU. 

3.3.2  Laboratory  Studies 

Both  an  anhydrous  system  and  an  aqueous  reaction  system  were  Investi- 
gated In  the  laboratory.  However,  the  lower  pressure  and  the  ease  of 
control  made  the  aqueous  system  more  attractive. 

Initial  laboratory  studies  were  conducted  In  a closed  stirred  reactor. 
It  was  difficult,  however,  to  withdraw  samples  during  the  course  of  the 
* reaction  and  a series  of  six  sealed  tubes  were  used  In  place  of  the  single 

i 
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reactor.  These  tubes  were  rotated  end-for-end  in  an  oil  bath  and  could  be 
removed  for  analysis  as  the  reaction  progressed. 

Results  of  early  laboratory  runs  are  given  In  Table  1.  Analysis  of 
this  product  mixture  was  done  by  HPLC  and  generally  resulted  In  a material 
balance,  based  upon  urea,  of  80-85%.  The  unaccounted  for  material  probably 
was  a result  of  the  analytical  technique.  During  the  Investigation  it  was 
found  that  the  HPLC  column  had  to  be  thoroughly  washed  after  each  use  to 
obtain  satisfactory  separation  of  peaks  and  accurate  results. 

Yields  of  60-65%  MMU  could  be  obtained  with  a MMA:U  mole  ratio  of  1:1. 
At  this  ratio  10  to  25%  of  the  urea  was  left  unreacted.  Increasing  the 
time  of  reaction  decreased  the  unreacted  urea  but  Increased  the  formation 
of  SDMU.  Since  SDMU  might  later  form  symmetrical  dimethyl  hydrazine  (SDMH) 
It  was  considered  an  undesirable  by-product.  Increasing  the  MMA:U  ratio 
also  Increased  SDMU  formation  and  had  little  effect  on  the  amount  of 
unreacted  urea. 

A review  of  the  results  Indicated  that  a system  close  to  the  optimum 
would  have: 

1.  U:MMA  mole  ratio  of  1:1 

2.  Reaction  temperature  of  120°C 

3.  Reaction  time  of  60  min. 

Such  a reaction  was  conducted  In  the  laboratory  (Reaction  #36, 
12/22/76)  prior  to  conducting  the  pilot  scale  reaction.  Analysis  of  the 
60-minute  sample  Indicated  a yield  of  65.5%  MMU,  with  24.5%  of  the  urea 
unreacted.  The  SDMU  was  less  than  1.5%  of  the  product. 

3.3.3  Pilot  Studies  of  MMU  Reaction 

A pilot  plant  reaction,  based  upon  laboratory  reaction  #36,  was  con- 
ducted to  obtain  material  for  the  verification  of  the  process. 

A 50  gal,  316  SS  reactor  with  Internal  steam  colls  and  a variable 
speed  agitator  was  used. 
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The  operating  procedures  were  as  follows.  Exactly  81.0  lb  of  tap  water 
was  charged  Into  the  reactor,  the  reactor  was  sealed,  and  the  agitator 
started.  Fxactly  44.7  lb  of  anhydrous  MMA  was  charged  Into  the  reactor. 

After  the  MMA  had  rapidly  dissolved  In  the  water,  as  Indicated  by  the  low 
gas  pressure  In  the  reactor,  the  reactor  was  opened  and  86.4  lb  of  solid 
urea  was  charged  and  the  reactor  was  sealed.  It  required  about  one  hour  to 
completely  dissolve  the  urea  In  the  MMA  aqueous  solution.  The  solution  was 
heated  with  45  pslg  steam  through  an  Internal  heating  coll.  It  took  45  min 
to  heat  the  solution  to  118°C.  The  solution  was  maintained  between  117  and 
120°C  for  exactly  one  hour.  The  reaction  was  quenched  by  cooling  to  room 
temperature  (20°C).  Samples  were  taken  for  MMU,  urea,  and  SDMU  analysis  at 
45  and  60  min.  Since  the  mixture  was  at  118°C  and  under  pressure  the  samples 
were  withdrawn  through  a single  tube  heat  exchanger.  Although  the  heat 
exchanger  was  flushed  each  time  before  sampling.  It  appeared  that  some  MMU 
crystallized  on  the  heat  exchanger  surfaces  ind  was  not  washed  out  by  the 
flushing.  This  resulted  In  non-representative  (MMU  too  high)  samples. 

These  samples  were  discarded. 


Overall  samples  and  analysis  Indicated  MMU  yields  of  approximately  80% 
and  a mass  balance  of  91.5%. 


Conditions  for  the  Urea  + MMA  pilot  plant  reaction  were  as  follows: 


Charge: 

Reaction: 

Product: 

Urea  Analysis: 


water 

urea 

MMA 

Total 

Time 

Temp 

Total 
Total 
Sped  fic 

weight 

volume 

gravity 

MMU 

MMA 

SDMU 

Urea 

Total 

•Based  upon  urea  charged 


81.0  lb 

86.4  lb  1.44  lb-moles 
44.7  lb  1.44  lb-moles 


212.1  lb 

60  min 
118°C 

212.1  lb 
24.5  gal 
1.023 

80%*  (approx.  40.2  wt%) 

2.2% 

9.3% 


91.5% 
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3.4  Stripping  of  NH»  and  MMA  from  Aqueous  MMII 

3.4.1  Introduction 

Early  laboratory  studies  Indicated  that  the  KMA  and  NHj  must  be  stripped 
from  the  MMU  solution  to  a mole  ratio  of  0.02  NHj/1.0  MMU  to  maximize  the 
yield  of  monomethyl  hydrazine  during  the  bleach  reaction. 

Although  this  had  been  done  In  laboratory  studies  without  difficulty, 
there  was  some  question  as  to  the  effectiveness  of  the  stripping  operation 
during  one  of  the  commercial  attempts  to  produce  MMH. 

Removal  of  NHS  to  below  0.02  mole  NHs/mole  MMU  would  require  stripping 
to: 

(0.02)  (40  wtX  MMU)  « 0.184  wU  NH,  or  1840  ppm 

Although  It  was  convenient  to  use  nitrogen  gas  for  laboratory  stripping 
of  the  NHj  the  usual  plant  practice  would  utilize  reduced  pressure  with 
steam.  It  Is  Important  that  the  pH  of  the  solution  be  maintained  above 
11.4  for  the  release  of  the  ammonia. 

3-4.2  Laboratory  Stripping  of  NH3 

A 10  plate  sieve  plate  column  1 In.  diameter  was  used  for  the  study  of 
the  stripping  process.  Results  of  two  runs  are  given  In  Table  3-2.  These 
data  Indicate  that  the  NHj  concentration  can  be  reduced  from  23,000  ppm  to 
50  ppm  In  a 10  plate  column  operating  at  270  mm  Hg  (a)  and  a feed  of 
pH  » 11.5.  Plate  efficiencies  of  25-35%  were  obtained;  these  agree  with 
literature  values. 

The  laboratory  work  Indicated  the  primary  factor  In  the  removal  of  NH3 
was  the  control  of  pH  and  that  the  process  could  be  conducted  without 
difficulty. 
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Table  3-2 


AMMONIA  STRIPPING  OF  SYNTHETIC  MIXTURE 


Equipment:  ten-plate,  glass 

Oldershaw.  30  mm  O.D. 

x 30  ran  plate  spacing 

Solution 

NH4OH 

NHi»Cl  + NaOH 

ppm,  as  NH3 

6,500 

23,000 

Feed  Rate,  ml /min 

7.2 

7.2 

Head  Pressure,  ran  Hg  abs 

167 

270  (slow  Increase) 

T°C,  still  pot 

66 

64 

T°C,  head 

56 

56 

Net  Steam,  g/mln 

0.51 

'v  0.5 

Internal  Steam,  g/mln 

0.93 

^ 0.9 

Overhead/Vapor 

8.8  (use  9) 

n*  9 

a,  55-65°C 

26.5 

26.5 

Theoretical  Plates 

3.5 

'u  4 

Plate  Efficiency,  % 1 

33 

^0 

Viscosity,  H20  60°C , cp 

0.5 

0.5 

O'Connell  Factor, ay 2 

13 

13 

Plate  Efficiency,  % 

25 

25 

pH  Feed 

11.29 

11 .5 

pH,  bottoms 

8.41 

8.38 

NHj , ppm  In  bottoms 

31 

52 

deters  and  Timmerhaus,  Plant  Design  and  Economics  for  Chemical  Engineers, 
2nd  Ed.,  McGraw-Hill,  p.  632,  1968. 

‘‘Perry's  Handbook,  3rd  Ed.,  p.  172. 
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3.4.3  Pilot  Stripping  of  NH»  and  MMA  from  MMU 

The  MMU  solution  produced  In  the  50  gal  reactor  was  stripped  of  NH»  and 
unreacted  MMA  In  a batch  operation  In  the  same  reactor.  Temperature  of  the 
solution  was  maintained  at  65#C  by  drawing  a vacuum  and  heating.  Vigorous 
agitation  was  provided  by  mechanical  agitation  and  a nitrogen  bleed.  It 
required  about  10  hr  to  strip  the  solution' to  approximately  130  ppm  NH5. 
During  the  time  144  gm  of  NaOH  were  added  to  maintain  the  pH  above  11.0 


ANALYSIS  OF  THE  STRIPPED  MMU  SOLUTION 


Solution  weight 
Sp.  gr. 

Volume 

Condensate 

Vapors  (NH3,  MMA,  Ha0) 
Analysis  (hplc) 


157.6  lb 
1.117 
16.9  gal 
26.0  lb 
not  determined 


Urea  0.9  ± .1  m moles/ml,  0.127  lb  - moles 

MMU  0.69  ± .2  m moles/ml,  0.943  lb  - moles 

SDMU  0.2  ± .02  m moles/ml,  0.028  lb  - moles 

Yield 


MMU 

Urea  charged 


0.943 

03" 

0.127 

nr 

0.028 

1743“ 


65. 4%  MMU 
8.8%  Urea 
1.9%  SDMU 


Unreacted  MMA:  This  could  have  been  as  high  as  1.44  - .943  “ .50  lb 
moles  or  15.4  lb  In  212.1  lb  soln;  7.26  wt%. 


Material  Balance:  The  above  analysis  Indicates  a material  balance 
based  on  urea  as: 

Input  1.44  lb  moles 
Output 

Urea  0.127  lb  moles 
MMU  .943  lb  moles 
SDMU  .028  lb  moles 

1.098  lb  moles 
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Balance 


1.098 

nr 


76.3* 


By  hplc  analysis  the  total  solids  In  solution  were  51.2  wt*,  however, 
by  evaporation  the  total  solids  in  the  solution  re  63.8  wt*.  Thus  It 
appeared  that  the  hplc  analysis  did  not  detect  a<i  materials  In  the  solu- 
tion. By  evaporation  the  material  balance  based  on  urea  was  95*. 

3.5  Formation  of  MMH 

3.5.1  Introduction 

Ureas  can  be  oxidized  with  sodium  hypochlorite  to  form  the  correspn <d- 
Ing  hydrazine: 

HO  H 

CH3-N-C-NH2  + NaOCl  + 2NaOH  -»■  CH3-N-NH2  + NaCl  + Na2C03  + H20 

Kobe  and  McKetta  have  described  the  urea  process  used  In  Germany  before 
and  during  World  War  11  to  produce  hydrazine.  Variations  of  this  process 
were  used  by  01  In  Mathleson  Chemical  Corporation  and  by  Fairmont  Chemical 
Company  In  the  U.S.  In  general  the  process  Involved  reacting  a 43  wt* 
solution  of  urea  with  a sodium  hypochlorite  solution.  The  hypochlorite 
solution  was  made  by  chlorination  of  30*  NaOH  to  an  available  chlorine 
content  of  about  15*.  This  leaves  170-190  g NaOH  per  liter.  The  hypo- 
chlorite solution  reacts  rapidly  with  the  urea  with  considerable  frothing 
as  nitrogen  Is  evolved.  The  nitrogen  apparently  Is  the  result  of  a reac- 
tion of  hypochlorite,  chlorourea  or  chloramine,  and  hydrazine. 

It  has  been  reported  that  metal  Ions,  especially  Iron,  decrease  the 
yield  of  hydrazine  from  urea.  Glue  or  gelatin  at  levels  up  to  0.5  g/llter 
was  added  to  complex  the  Iron  and  Improve  yields. 

Lum  and  Mador  patented  a process  for  production  of  MMH  from  MMU  by 
reaction  of  MMU  + NaOCl  In  an  alkaline  solution.  They  claimed  a 70-73* 
yield  of  MMH  from  MMU.  However,  they  used  a molar  ratio  of  Na0H:MMU  of 
8:1. 
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The  removal  of  a carbon  atom  by  reaction  of  the  urea  with  carbonyl  - 
forming  metals  was  patented  by  Passlno,  but  his  process  presented  additional 
problems  because  of  the  toxic  nature  of  the  Intermediates. 

Since  the  bleach  reaction  for  the  formation  of  MMH  Is  a key  step  In  the 
process  It  was  necessary  to  Investigate  reaction  conditions  In  the  labora- 
tory experiments  followed  by  a series  of  statistically  designed  laboratory 
reactions. 

The  process  Involved  the  reaction  of  MMU  at  0 to  5°C  In  a NaOH  solution 
with  NaOCl  (an  exothermic  reaction)  to  form  the  chlorourea.  This  Is  a rapid 
reaction  and  Is  completed  In  3-5  min  or  less.  The  mixture  Is  then  heated  to 
90-100°C  for  60-90  min  to  form  the  MMH. 

3.5.2  Exploratory  Laboratory  Studies 

The  reaction  of  MMU  and  NaOCl  to  form  MMH  Is  a two-step  process  which 
Involves  a fairly  large  number  of  variables.  While  It  would  be  preferable 
to  study  each  reaction  separately,  the  lack  of  a suitable  analytical  tech- 
nique makes  It  necessary  to  evaluate  the  effect  of  the  variables  on  the 
overall  yield. 

Preliminary  laboratory  work  established  the  range  of  reactant  concen- 
trations, temperatures,  and  time  which  gave  reasonable  yields.  From  these 
results  a statistical  matrix  was  developed  and  used  to  evaluate  selected 
reaction  conditions. 

A series  of  exploratory  bleach  reactions  were  conducted  and  results 
are  present  In  Table  3-3.* 

During  these  runs  the  NaOCl  did  not  appear  to  react  with  MMU  at  0°C 
until  the  NaOH  was  added.  After  addition  of  NaOH  to  the  MMU  + NaOCl  the 
disappearance  of  titratable  hypochlorite  Is  rapid. 


♦Analysis  of  the  MMH  product  was  by  glc,  direct  Injection  of  the  sample  on 
the  column.  This  glc  technique  requires  frequent  replacement  of  the  column  or 
provision  for  removal  of  the  solids  that  accumulate  In  the  vaporization 
zone.  This  effect  was  not  fully  appreciated  In  the  Initial  studies  and 
certain  of  the  yield  figures  are  not  accurate.  A refined  analytical  tech- 
nique, which  was  subsequently  developed,  did,  however,  confirm  the  bulk  of 
the  data. 
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CONVERSION  OF  MU  TO  MW  BY  HYPOCHLORITE 


Weight/Volane  1 in  iritial  reaction  solution 
r Weight/Voliroe  in  final  reaction  solution. 


Table  3-3  (Contd.) 
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The  best  reaction  procedure  Mas: 

1.  Mix  NaOCl  + NaOH  at  0#C 

2.  Add  NaOCl  + NaOH  to  MMU  solution  at  0‘C 

3.  Heat  to  908C 

4.  React  for  60  min. 

3.5.3  Statistical  Study  of  MMH  Formation 

From  the  results  of  the  reactions  listed  In  Table  3-3,  reasonable  levels 
of  the  Independent  variables  were  developed.  After  a detailed  consideration 
of  the  reaction  parameters  and  the  statistical  analysis  procedures  a test 
matrix  of  reactions  was  determined.  This  matrix  and  the  run  conditions  are 
given  below. 

The  variables  of  Interest  were  reaction  temperature,  reaction  time, 
and  reactant  concentrations.  The  matrix  Is  given  below: 


-K 

-1 

0 

+1 

+K 

X: 

0.25 

0.5 

0.75 

1.0 

1.25 

x2 

1.2 

2.0 

2.8 

3.6 

4.4 

X, 

0.75 

1.0 

1.25 

1.5 

1.65 

X4 

70 

BO 

90 

100 

110 

where  Xi  Is  the  MMU  concentration,  X2  the  NaOH  concentration,  Xs  the  NaOCl 
concentration  all  In  moles  per  liter,  while  X*  Is  the  reaction  temperature, 
°C. 

Results  of  runs  made  according  to  this  matrix  are  given  In  Table  3-4. 
It  appears  that: 

a.  the  reaction  Is  substantially  complete  at  60  min 

b.  reaction  temperature  of  70-I008C  Is  satisfactory 

c.  the  most  significant  variables  are  the  amounts  of  NaOCl  and 
NaOH  relative  to  MMU.  Best  results  (In  yield  of  MMH,  not 
concentration)  are  obtained  with  2 moles  of  NaOCl  and  4 moles 
of  NaOH  per  mole  of  MMU 

d.  runs  TM-3  and  TM-3D  show  good  reproducibility. 
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STATISTICAL  SERIES  ON  PROCESS  BLEACH  REACTION 
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1! 


9/24/76  1.01  2.01  1.51  30  1.86  40.2 

83  H 60  2.12  45.8 

90  1.99  43.0 

120  2.15  46.6 

150  2.14  46.3 


Date  of  Concentration,  moles/1  Temp  Time  MW 

Run  HU  NaOH  NaOCI  °C  (min)  Concentration,  q/100  ml  X Vi eld 
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* Runs  A-l  through  A- 3 not  in  the  statistical  series. 


Date  of  Concentration,  moles/1  Temp  Time 
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Run  A-4  not  in  the  statistical  series. 


The  best  conditions  for  the  reaction  ere  close  to  the  conditions  given 
for  run  TH-2 ; these  are  listed  In  Table  3-5.  Approximately  SOX  excess  of 
NaOCI  1$  used  under  these  conditions. 

A preliminary  evaluation  of  the  overall  urea  process  was  made  by  labora- 
tory preparation  of  MMH  from  commercially  available  urea  and  MMA.  Two  runs 
of  this  type  are  reported  In  Table  3-6. 

? . 5 . 4 Pilot  Batch  Bleach  Reaction 

3. 5. 4.1  Introduction 

The  program  Intended  to  use  the  MMU  solution  prepared  In  the  pilot 
batches  for  the  production  of  MMH  by  reaction  with  NaOCI.  Before  reacting 
the  pilot  batch  of  MMU  an  aliquot  was  taken  and  reacted  with  NaOCI  In  the 
laboratory.  MMH  yield  of  this  laboratory  reaction  was  low.  Several 
laboratory  reactions  were  conducted  to  define  optimum  conditions,  however. 

In  all  cases  the  MMH  yield  was  lower  than  expected.  It  was  decided  to 
crystallize  the  MMU  and  use  this  purified  material  for  the  production  of  MMH. 

3. 5. 4. 2 Use  of  "As  Prepared"  MMU  Solution 

The  MMU  produced  In  the  pilot  plant  contained  some  unreacted  urea  and 
some  unknowns.  This  solution  was  used  to  study  the  optimization  of  the 
bleach  reaction  conditions  by  a matrix  of  reaction  conditions.  Results  of 
these  reactions  are  given  In  Table  3-7. 

Yield  of  MMH  from  the  laboratory  runs  (aliquots)  using  MMU  solution 
prepared  In  the  pilot  plant  were  low,  l.e.,  35-40X  as  compared  to  the 
yields  of  about  60-75X  obtained  during  laboratory  runs  with  pure  MMU 
starting  material.  The  highest  yield  was  obtained  from  Run  2 and  was  40X 
based  on  the  MMU  In  the  solution  as  determined  by  hplc  analysis.  The  yield 
was  only  26X  based  upon  the  urea  charged  to  the  MMU  reactor. 

As  a result  of  these  tests  It  was  decided  to  crystallize  the  MMU  from 
the  solution  and  use  this  purified  NhU  for  the  bleach  reaction. 
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Table  3-5 

"OPTIMIZED"  REACTION  CONDITIONS  FOR  MMH  FORMATION 


Best  Reactant  Ratios  and  Concentrations 

g-moles/llter 


MMU 

1.0 

NaOH 

3.6 

NaOCl 

1.5 

Best  yields  and  Concentrations 

Using  the  above  procedure  and  reactants 
the  yield  and  concentration  should  be: 

52%  MMH  based  upon  MMU 
2.4  wt%  MMH 
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Table  3-6 


LABORATORY  PREPARATION  OF  MMH  FROM  COMMERCIAL  UREA  & HONOMETHYLAMIHE 


Run  #25 

Run  #28 

Date 

8/12/76 

8/31/75 

MMU  Preparation 

Reaction  time,  min 

120 

180 

.Reaction  temp.,  °C 

112 

125 

Reaction  pressure,  psi 

140 

140 

Urea,  g -moles 

2.0 

2.0 

MMA,  g -moles 

2.0 

2.0 

Total  volume,  ml 

230 

234 

Yield,  % on  urea 

MMU 

60.8 

74 

U 

29.6 

10 

SDMU 

- 

8 

MMH  Preparation 

Date 

9/10/76 

Reaction  time. 

82 

Reaction  temp.,  °C 

1.22 

MMU,  g -moles 

1.22 

NaOH,  g-moles  . 

1.0 

NaOCI , g-moles 

.79 

Yield,  % on  urea 

MMH 

62 

Overall  yield,  % 

46 
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MATRIX  OF  BLEACH  REACTIONS  USING 
PILOT  PLANT  PRODUCED  fW1 


ijgiNioiiQuo  mo^iwini 
J'CVJCsjCsJC^^WCVJNCgfg  cgCvjMCjOJW 

V o 


I I < I I I I I I I I I I I I I I I I I I « I I ( I I I I 1 I 

i * • • • • * • • • i i i • i i i » i i i i i » I » » i I I I i 


r—  © ^-  fO  LO  >—  I O I f—  I O'.  I OUOOO  IOOr*O»r-C0aiMnir,r-O:'H\J 

X r—  r—  r—  ^ r—  1 r—  * r—  I I r—  I Hr-r-i — t — r-~  t — I — * — 

»—  __  

« 

5 ' X if  if  :?  £> ; f * 1 ^ i o i or  i owntv  i oona.«#<Mncoor>im^invr-m 

^ C\i  CM  C\J  CM  C\J  CVI  li—  I CM  I t—  I »—  CM  <\| 


cn  CMC  m o rx  uufl  to  i #—  i oi  in«  iMAONOunaouxnron^Nai 
n«nnn#<»)NN  * ro  i n i Cm  co  co  i NMnwr-fntsinNNNMN^N 


S{  {••••«•  i < i i i • i • i • i i i i i i i i i » i i i i 
^ • < i i » • i * • i i • » • « * * # i i i i i i i i i i i i i » 

B 

£ LnOLOLp^y-\OCT>COLDf—  Qr-Vr— COLOCOCOrOQr-OQLD  — COr-r-LDCgr— 

• 2 wocsJonO'-Oror'ONt'aiOLOOnvi/irocoioSr-inmoif-ixrvCON 

■£  ^^i/>u>f-*u)inis>'*^-^''f-f~c'JC'4c\jc>jcwc\jrgtnu‘)cvjCNjrocMr<-  c\j  r—  — - *r  *r 

3 _____ 

p ^OOC'nifiChr*  CMi—  f—  N(f  r—  AtOU)O«C0l/INMm 

t fVh.OlO(MOU>OOinN^KNrh.  U)(MI/n/)IOCJW6l/>r>.OW*>C0lOUHM(nNf 

Z;  ^r^rroc\Jiom»— ^o*—  a^<yvvxoLococovoLDco^oJOod^5©a>f^r^toro^o 


£gS8S88  8g8S888S8S8S8S8£8Eg£g!5  8!?8 


••  <->  r^. 

<u  o o 

t.  <0 


K — — 

•r  V) 

lux  ro 
«—  o a* 
c o <o 
o £ as  co 


O O CM  CO  O — 

n io  « ut  © u> 


CM  •—  CM  *— 


O •—  h*. 

CVJ  N V 


N r-  INI  N N I- 


co . co  v ro  co 


u f — — — — 

• CM  ‘O  CO  KO 

a » COOQIO— -arQ 

gcNj^j^ii^roun^vOOr^oO 


<nmroo>a>o>3>rooio,»o>4/>C' 

r-.r-^c^coforocoocouoincMui 


r*. 

a» 

r*H 

a\ 

$ 

# 

$ 

*“ 

*“ 

Csl 

CM 

C\J 

irt 

wo 

O 

© 

O 

VO 

VO 

ro 

ro 

ro 

(W 

ro 

ro 

ro 

* 

*r 

rs 

F>. 

si 

R 

IO 

ro 

* 

» 

Q t 

eg 

ro 

p— 



•erorocoro*—  mo-'OhCMO' 

CMf—  r—  »—  — COr-  r-.,—  CC»— 

OlOiOVOtOOTVOUOU'lOUO 


f's.VOVOl0<OU‘>LOMr«rCM*’ 


Solution:  C.9  H Urea,  6.69  M-HiO,  0.2M  SOHU  by  hplc  analysis 
Based  on  Urea  charged 

Based  on  analysis  of  HMU  in  stripped  solution 
Based  or.  Urea  charged 


3. 5. 4. 3  Use  of  MMU  Crystallized  from  Pilot  Batch 


The  pure  MMU  provided  by  crystallization  from  the  reaction  mixture  was 
evaluated  by  a series  of  bleach  reactions  on  a laboratory  scale.  Results 
are  given  In  Table  3-8  and  Indicate  a maximum  yield  of  MMH  based  upon  MMU 
of  39-40*.,  This  was  considerably  below  the  60-75*  obtained  with  neat  MMU, 
but  time  limitations  did  not  permit  Investigating  the  reasons  for  the  lower 
yield. 

3. 5. 4. 4 Purification  of  Pilot-Produced  MMU 

The  pilot  plant  MMU  solution  was  cooled  to  19®F  and  the  crystals  formed 
removed  by  filtration.  Attempts  to  dry  the  crystals  at  125°F  were  not 
successful.  The  crystals  dissolved  In  the  approximately  5*  water  present 
and  made  removal  of  water  very  difficult. 

A series  of  evaporati on/crystal llzations  were  conducted  by  evaporation 
of  water  at  atmospheric  pressure  In  a thin  film  evaporator  and  crystalliza- 
tion by  cooling  the  liquid  In  a refrigerated  room.  Typical  results  of  the 
evaporation  crystallization  are  shown  In  Figure  3. 

3. 5. 4. 5 Pilot  Scale  MMH  Production 

The  bleach  reaction  was  conducted  In  the  pilot  plant  using  TM-2T  reac- 
tion conditions:  MMU  1.03  moles/liter,  NaOH  3.70  moles/liter,  and  NaOCl 
1.54  moles/llter.  Reaction  temperature  was  81°C,  reaction  time  90  min. 

This  reaction  is  discussed  in  detail  below. 

The  MMU  solution  was  made  by  dissolving  44.65  lb  MMU  crystals  feed  In 
distilled  water  to  make  a 40*  by  weight  solution.  The  total  diluted  weight 
was  111.5  lb  (50.58  kg),  volume  was  12.34  gal  (46.7  liters),  and  specific 
gravity  was  1.083.  The  hplc  analysis  of  this  solution  Indicated  that  urea 
was  17.3  mg/ml,  MMU  was  357  mg/ml,  and  SDMU  was  4.48  mg/ml. 

To  make  up  the  35  gal  (132.5  liters)  required  for  the  bleach  reaction 
required  62.3  lb  (28.26  kg)  of  MMU  solution,  96.1  lb  (43.59  kg)  of  45*  by 
weight  of  NaOH,  and  155.4  lb  (70.49  kg)  of  NaOCl  (11*  Cl  by  weight).  The 
NaOCl  used  was  1.55  moles/llter,  which  was  0.11  moles/llter  more  than  TM-2T 
requirement  because  of  the  presence  of  urea  and  SDMU  In  the  MMU  solution. 
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Table  3-8 


! 

i 


Original  MMU  Solution 
130  lb 


Wash  Water 


Wash  Water 


Figure  3 EVAPORATION/CRYSTALLIZATION  OF  PILOT 
PLANT  PRODUCED  MMU 
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The  MMU  solution  was  charged  Into  a 50  gal  reactor  which  was  equipped 
with  a pump -around  and  heat  exchanger.  Methanol/dry  Ice  was  used  as  the 
coolant  and  was  kept  at  -20  to  -30°F.  After  the  MMU  solution  In  the  reactor 
was  cooled  to  -128C,  the  cooled  pre-mlxed  NaOCl  and  NaOH  was  pumped  Into  the 
circulation  line  just  upstream  of  the  pump.  A thermometer  In  the  effluent 
of  this  pump  was  closely  watched  and  the  temperature  of  the  solution  was 
maintained  below  7°C  by  controlling  the  feed  rate.  It  took  2.5  hours  to 
complete  the  addition  of  NaOH/NaOCl.  The  reaction  mixture  was  milk-white 
during  the  course  of  addition.  After  a 20  min  waiting  period,  the  reaction 
mixture  was  heated  to  88°C  In  35  min  with  steam.  During  heating,  the  reaction 
mixture  degassed  and  caused  a foam.  After  degassing,  the  reaction  went 
smoothly  and  the  solution  color  changed  from  milk-white  to  light  yellow.  The 
reaction  mixture  was  kept  at  82-88*C  for  90  mirs  and  then  quenched  by  cooling. 
Three  samples  were  taken  from  MMH  analysis  at  30 

The  analysis  results  are  given  In  Table  3-9 
balance  of  the  bleach  reaction  Is  given  In  Table  3-10. 

The  pilot  bleach  reaction  had  a yield  of  WH  of  41.1*  as  compared  to 
laboratory  run  TM-2T  (11/12/76)  of  56.2*.  This  Is  a significant  (27*)  loss 
in  yield.  The  reason  for  this  lower  yield  was  not  determined,  but  It  should 
be  noted  that  the  laboratory  studies  were  conducted  In  glassware,  while  the 
pilot  reactions  were  conducted  In  316  ss  (with  gelatin  added). 

3.6  Recovery  of  MMH  from  Bleach  Reaction  Solution 

3.6.1  Recovery  Methods 

The  reaction  mixture  from  the  bleach  reaction  contains  about  2 wt*  MMH, 
about  0.2*  hydrazine  hydrate,  and  several  volatile  contaminants.  The  solu- 
tion contains  one  mole  of  NaCl  for  every  mole  of  NaOCl  used  as  well  as  some 
NaOH  and  Na2C0s. 

MMH  must  be  recovered  from  this  dilute  salt-containing  solution;  this 
process  represents  one  of  the  major  energy-intensive  steps  In  the  production 
of  the  hydrazine  fuels. 


, 60,  and  90  min  Intervals. 
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Table  3-9 


ANALYSIS  OF  PILOT  BLEACH 
REACTION  SAMPLES 

(35  gal  Batch) 


Analysis. 

mg/ml 

, min. 

mi 

HZ 

30 

16.75 

1.78 

50 

22.26 

2.70 

90 

21.92 

2.90 

Table  3-10 

MATERIAL  BALANCE  OF  BLEACH  REACTION 


Previous  processes  have  relied  upon  evaporation  for  the  separation  and 
this  course  was  followed  during  the  study  reported  here.  This  technique 
offers  the  best  possibility  of  producing  a salt  type  by-product  with  minimum 
loss  of  MMH  or  Hz. 

3.6.2  Laboratory  Evaporations 

The  product  from  the  pilot  plant  bleach  reaction  was  used  fo<*  a series 
of  laboratory  evaporations  to  determine  the  best  conditions  for  the  pilot 
plant  batch. 

The  bleach  reaction  product  was  used  In  two  laboratory  evaporations  to 
determine  the  operating  conditions  fcr  maximum  recovery  of  MMH.  Table  3-11 
shows  the  results  of  the  laboratory  evaporation  at  a slight  vacuum  (660  mm 
Hg  absolute).  The  results  Indicated  a 64,2*  recovery  of  W1H.  The  salt 
slurry  In  the  pot  was  very  thick  at  the  conclusion  of  the  evaporation.  The 
amount  of  MMH  In  the  reboiler  was  reduced  from  20,370  mg  to  1489  mg  by 
evaporation  of  577  ml  of  the  1000  ml  charge. 

The  material  balance  Indicated  61.2*  recovery  of  MMH,  but  over  100* 
recovery  of  hydrazine.  It  appeared  that  some  decomposition  of  MMH  was 
taking  place.  Most  of  the  collected  condensate  samples  had  an  ammonia 
odor  and  analysis  of  these  samples  showed  unidentified  peaks. 

A second  laboratory  evaporation  was  made  at  a higher  vacuum.  The 
results  are  shown  In  Table  3-12.  In  addition  to  operating  at  a higher 
vacuum,  the  original  bleach  reaction  product,  which  contained  suspended 
salts  at  5°C  (40°F)  was  filtered  before  the  evaporation.  After  collection 
of  distillate  equal  to  about  50*  of  the  original  charge,  the  bottom  product 
was  cooled  and  filtered  to  remove  the  precipitate.  The  filtrate  was  further 
distilled  after  the  addition  of  two  drops  of  anti-foaming  agent.  A total  of 
928  ml  of  distillate  was  collected  from  1,195  ml  of  bleach  reaction  product. 
Only  a trace  of  MMH  was  detected  In  the  last  two  samples  of  distillate.  The 
recovery  of  MMH  was  93.2*;  the  material  balance  of  MMH  was  93.9*.  The 
analysis  Indicated  only  very  small.  Impurity  peaks. 
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LABORATORY  EVAPORATION  OF  PRODUCT  FROM  PILOT  BLEACH  REACTION 
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LABORATORY  EVAPORATION  Of  PROOUCT  EROH  PILOT  BLEACH  REACTION 
Pressure:  70^75  KPHoa  April  4,  1977 
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Attempts  to  detail  the  recovery  of  hydrazine  was  Inconclusive,  probably 
due  to  contaminants  that  affected  the  analysis-  In  the  first  step  of  the 
distillation  21. 9X  was  recovered  and  the  material  balance  was  only  46.7*. 

On  the  other  hand,  In  the  second  step  of  distillation  recovery  was  72 . 6* 
and  the  material  balance  was  far  beyond  100X.  The  overall  recovery  and 
material  balance  for  hydrazine  appear  to  be  very  good. 

These  laboratory  evaporation  studies  Indicate  that  evaporation  of  the 
bleach  reaction  product  at  low  pressure,  50-75  mm  Hg,  was  preferred  because: 
(1}  there  was  better  MMH  recovery,  (2)  there  was  better  Hz  recovery  and 
(3)  the  g.c.  analysis  Indicated  fewer  unidentified  peaks. 

3.6.3  Pilot  Plant  Evaporation 

Based  upon  the  Information  obtained  from  laboratory  studies,  the  pilot 
bleach  reaction  product  was  first  cooled  and  filtered,  then  evaporated 
using  a thln-fllm  evaporator  at  high  vacuum  to  obtain  50-50  cut  in  volume. 
The  bottom  product  was  cooled,  the  crystallized  salt  removed  by  filtration, 
and  the  filtrate  was  evaporated  under  vacuum.  The  bottom  product  from  the 
second  evaporation  was  cooled  and  filtered.  Tables  3-13  through  3-17  show 
the  material  balance  and  the  analysis  of  each  step  of  this  operation. 
Analysis  of  samples  Indicated  from  0.15  to  0.76  mg/ml  SDMH  In  the  reboller. 
These  limited  results  suggest  that  the  SDMH  was  not  stable  under  the 
evaporating  conditions. 

The  results  summarized  In  Table  3-18  show  that  of  the  2346  g MMH 
charged,  only  20  g would  be  lost  in  tne  filtrate  from  the  third  filtration. 

There  are  several  Interesting  results: 

• 1.85  kg  of  MMH  In  79.6  l of  distillate  was  recovered 

• 20.6  lb  of  salts  were  generated  per  lb  of  MMH  product 

• Very  little  MMH  remained  In  the  salt  cake 

• The  salt  cake  had  a very  low  moisture  content. 

Highly  accurate  analysis  of  the  product  from  the  bleach  reaction  Is 
required  to  complete  an  accurate  material  balance  for  this  portion  of  the 
process.  The  MMH  material  balance  was  approached  In  two  ways: 
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Table  3-13 


FISRT  FILTRATION  OF  PILOT  BLEACH  REACTION  MIXTURE 
April  7,  1977 


HfO  - 4.28  kg 


MMH 

HZ 


2.846  kg 
0.320  Kg 


Feed  wts.  - 132.6  kg 


BLEACH  REACTION 
March  30,  1977 


WH  - 0 
HZ  - 0.084  kg 


Cake  1 ■ 13.97  kg 
Dry  Solid  ■ 11.47  kg 


Filtrate  1 * 122.9  kg 
m\  - 2.47  kg 
HZ  « 0.337  kg 


Note:  Recovery  of  MMH  during  the  filtration  was  105% 

Material  balance  of  MMH  was  105% 

Recovery  of  HZ  was  105% 

Materiel  balance  of  HZ  was  132% 

Filtration  was  rapid  on  glass  cloth  septum;  0.3  gal/ft*/m1n 
Cake  quite  dry 


Table  3-14 


FIRST  EVAPORATION  PILOT  BLEACH  REACTION  MIXTURE 
April  13,  1977 


H20  « 7.0  kg 


MMH  = 2.247  kg 
H7.  « 0,331  kq 

Feed  Wt.  = 123.6  kg 
Volume  = 101.43  Z 


1st  EVAPORATION 
April  13,  1977 


MW  = 1.551  kg 
HZ  = 0.077  kg 

Overhead  wt.  * 51.48  kg 
Volume  * 55.6  Z 


Bottom  wt.  = 77.11  kg 
Volume  = 56.9  l 
*MMH  = (0.721  kg) 

*h'Z  » (0.222  kg) 


♦This  Is  calculated  value. 


Pressure;  mmHga 
Steam  pressure;  pslg 
Temperature  of  Liquid  8C 
Feed  rate 

Estimated  time  at  temperature: 


50~55  rmHga 
45 

SO- 70 

0.7  liter/mln 
1 minute 
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Table  3-15 


SECOND  FILTRATION  AFTER  51*  OF  BLEACH  REACTION  MIXTURE 
HAD  BEEN  EVAPORATED 


H20  = 3.0  kg  . 


*MMH  = (0.657  kg) 
*HZ  « (0.202  Kg) 

Feed  wt.  = 70.13  kg 
Volume  = 51.9  £ 


MMH  * 0.046  kg 
HZ  * 0.003  kg 

Cake  2 3 20.4  kg 
Dry  solid  * 18.8  kg 


Filtrate  wt.  = 52.62  kg 
Volume  ® 41.44  £ 

MMH  3 0.473  kg 
IHZ  * 0.167  kg 


2nd  FILTRATION 
April  15,  1977 


♦ 


*This  is  calculated  value. 

Filtration  was  rapid  on  glass  cloth  septum;  0.3  gal/ft2/min 
Temperature:  .Ambient 
Cake  was  fairly  dry. 
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Table  3-16 
SECOND  EVAPORATION 


♦This  is  calculated  value. 

Pressure,  mtnHga:  50 

Steam  pressure,  psig:  45 

Temp  of  liquid  °C:  75-75-85 

Feed  rat  £/m:  0.7 

Estimate  time  of  liquid  at  temperature,  1 min 


Table  3-17 
THIRD  FILTRATION 


*MMH  = (0.022  kg) 
*HZ  = (0.0567  kql_ 

Feed  wt.  = 32.21  kg 
Volume  = 23.0  i 


3rd  FILTRATION 

MMH  » 0.0002  kg 

HZ  * 0.0007  kg  , 

April  18,  1977 

Cake  3 * 8.26  kg 

Dry  solid  * 7.80  kg 

23.59  kg 
l 

1 

Filtrate  wt.  - 
Volume  * 16.6 
*MMH  - 0.02  kg 
*HZ  = 0.056  kg 

t 

♦This  Is  calculated  value. 

Filtration  was  rapid  on  glass  cloth  septum;  0;3  gal/ft2/min 
Temperature:  Ambient 
Cake  fairly  dry 


\ 
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Table  3-18 


1 


O 3= 


i 


(1)  corrected  for  handling  loss. 

(2)  based  on  cake  analysis. 


j (1)  the  total  product  In.  compared  to  the  total  product  out  and  (2)  the  total  \ 

| product  In.  compared  to  the  loss  of  product  In  the  salt  cake-  The  first 

method  showed  a 89,3%  product  recovery,  the  second  method  showed  a 3.1%  loss  ' 

i of  MMH  In  the  salt  cake  or  a 96.9%  MMH  recovery. 

A material  balance  for  Hz  Indicates  a recovery  of  53-68%.  Accuracy  of 
the  hydrazine  analysis  at  these  low  concentrations  may  account  for  the 
relatively  poor  material  balance. 

3.7  Azeotropic  Distillation  of  MMH 

3.7.1  Introduction  ! 

The  MMH  Is  recovered  from  the  bleach  reaction  solution  by  evaporation 
of  water  and  MMH  to  give  a concentration  of  2 to  3%  MMH  In  water.  This 
dilute  solution  is  distilled  and  a high  boiling-point  azeotrope  containing  \ 

about  42  wt%  MMH  In  water  Is  withdrawn  from  the  reboller.  The  azeotrope 
Is  extractlvely  distilled  to  obtain  a specification  grade  product.  A series 
of  distillations,  shown  In  Figure  4,  are  required  to  recover  98.5%  MMH. 

The  first  fractionation  column  Is  called  the  MMH  azeotropic  distillation 
column,  where  the  2%  MMH  stream  Is  separated  Into  relatively  pure  water 
(>10  ppm  of  MMH)  as  the  overhead  stream  and  a bottom  stream  which  approaches 
the  azeotropic  composition  of  42%  MMH.  A flash  drum  on  the  overhead  stream 
may  be  necessary  to  remove  any  light  ends,  such  as  methanol.  The  water  can 
be  returned  to  the  process  and  the  light  ends  Incinerated. 

The  42%  MMH  azeotrope  mixture  Is  then  sent  to  the  extractive  distilla- 
tion column,  where  NaOH  Is  used  to  suppress  the  vapor  pressure  of  the  H20 
to  allow  separation  of  MMH  and  H20.  The  bottom  stream  contains  hydrazine 
(Hz),  which  Is  produced  from  urea  during  the  bleach  reaction.  This  bottom 
stream  Is  sent  to  an  evaporator  to  separate  the  water,  Hz,  and  MMH  from  the 
NaOH,  which  can  be  used  again  for  the  extractive  distillation  operation. 

Some  Hz  + MMH  are  collected  with  water  from  the  caustic  evaporator.  The 
vapor  liquid  equilibria  for  the  NaOH,  water,  and  MMH  in  the  reboller  of  the 
extractive  distillation  column  was  not  determined.  One  laboratory  result 
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Indicated  3 wt*  MMH  In  this  stream,  this  Is  a significant  quantity  and  must 
be  recovered.  Further  laboratory  studies  are  required  to  define  the  limits 
of  operation. 

There  Is  some  Hz  In  the  vapors  from  the  caustic  evaporator  and  these 
must  be  separated.  The  proposed  process  Includes  an  extractive  distillation 
with  caustic  to  give  Hz  + MMH  followed  by  a binary  distillation  to  separate 
Hz  + MMH. 

The  azeotropic  distillation  of  the  dilute  aqueous  MMH  solution  produced 
by  the  evaporation  represents  a significant  heat  Input  to  the  process.  This 
stream  enters  the  column  at  approximately  2.5  wtX  MMH  In  water  and  must  be 
concentrated  to  approximately  42  wtt.  Tho  most  useful  design  Information 
for  such  a separation  Is  the  vapor/1 Iquld  equilibria  data.  The  literature 
contains  references  to  recovery  of  MMH  by  distillation  but  does  not  contain 
the  required  design  Information.  The  data  In  a general  sense  Is  represented 
in  Figure  5. 

Although  this  Information  Is  not  sufficient  for  design,  the  curve  and 
accompanying  text  Indicate: 

• A 2%  solution  can  be  concentrated  a high  boiling  azeotrope 
of  about  35-45  wtX  MMH. 

♦ There  Is  a definite  pinch  point  at  the  azeotrope  concentra- 
tion and  additional  distillation  plates  will  result  In  only 
small  Increases  In  concentration. 

Laboratory  efforts  were  conducted  to  obtain  further  design  data. 

3.7.2  Preliminary  Laboratory  Studies 

In  order  to  confirm  the  azeotrope  composition  and  determine  one  point 
on  the  vapor/liquid  equilibrium  curve,  a brief  laboratory  study  was  con- 
ducted. A 10  plate  30  mm  dla.  Oldershaw  column  was  used  at  a pressure  of 
^700  mm  Hg  (a).  Nitrogen  was  Introduced  Into  the  reboiler  at  ,v5t  of  the 
vapor  flow.  Three  tests  at  different  reflux  ratios  were  made  using  42.5  wtX 
MMH  as  a charge  to  the  bottom.  One  test  was  made  using  a charge  of  48  wti. 
Results  are  show  In  Table  3-19. 
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Table  3-1 S 


DISTILLATION  OF  MMH  AT  LESS  THAN 
AZEOTROPIC  CONCENTRATION 
at  700  imtHg  (a) 


Reflux  Ratio 

- Temp  C 

5C 

wtX  MMH 

L/D 

Rebo 1 1 er 

Overhead 

Reboiler 

Overhead 

0O 

101 

86 

42.5 

0 

3 

42.5 

Trace  ( 

1 

42.5 

^5 

00 

48.0 

11.1 

00 

102 

88 

48.0 

12.5 
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The  results  Indicate  that  the  azeotropic  concentration  of  MMH  In  water 
Is  very  close  to  45  wtX  at  a pressure  of  700  ram  Hg  (a).* 

These  data  Indicated  there  would  be  no  difficulty  In  this  first  dis- 
tillation. Since  the  pinch  point  In  the  distillation  occurs  at  the  bottom 
of  the  column,  there  would  be  no  difficulty  approaching  to  within  5*  of 
the  azeotrope  In  a 10  plate  column  at  practical  reflux  ratios  and  the 
column  could  be  designed  to  give  "puro':  water  overhead. 

From  these  data  a reflux  ratio  of  3/1  was  tentatively  selected  for 
preliminary  design  In  order  to  maximize  the  purity  of  the  overhead  water. 

The  design  resulted  In  a very  large  column  with  a high  heat  load.  Further 
work  was  Indicated  and  Is  reported  below. 

• The  column  should  operate  at  the  lowest  possible  reflux  ratio 
which  will  give  column  stability.  In  order  to  conserve  heat 
energy. 

• Produce  overhead  water  with  little  or  no  MMH;  goal  of 
10  ppm  was  set. 

• Produce  a bottom  concentration  close  to  the  42  wtX 
azeotrope  concentration  and  not  less  than  35  wt%. 

With  these  goals  In  mind  It  was  decided  to  measure  the  MMH-water 
vapor-liquid  equilibrium.  These  equilibria  data  permit  the  calculation  of 
the  reflux  ratio  and  the  number  - r plates  for  any  given  feed  and  overhead 
concentrations. 

3.7.3  Vapor-Liquid  Equilibrium  for  MMH-Water 

A laboratory  scale  apparatus  consisting  of  a ’500  ml  round  bottom  flask, 
a two  plate  sieve-tray  column,  and  a total  condenser  was  set  up  to  measure 
the  MMH  concentration  of  the  vapor  (overhead)  and  liquid  (reboiler)  when  the 
system  was  In  equilibrium  and  operating  at  total  reflux.  These  measurements 
were  conducted  at  two  pressures  for  different  concentrations  of  MMH  In  water. 
The  resulting  data  and  calculated  separation  factor  and  relative  volatility 
are  presented  In  Table  3-20. 


♦Knight,  O.A.  Jr.,  Hydrocarbon  Processing  l Petroleum  Refiner  41,  179  (1962) 
Indicates  the  azeotrope  concentration  Is  35%  MMH  at  atmospheric*  pressure. 
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EQUILIBRIUM  DATA  OF  MMH  AND  WATER 
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A separation  factor  Is  calculated  from  the  composition  of  the  overhead 
and  the  reboller.  The  relatively  volatility  can  then  be  calculated  based 
upon  the  number  of  theoretical  plates. 

The  problem  then  becomes  one  of  determining  an  average  a from  the  data 
presented  In  Table  3-20  where  1/a  varies  from  1/12.4  to  1/2.39  for  the 
pressure  of  Interest. 

a can  be  determined  graphically,  as  shown  In  Figure  6.  Although  there 
Is  considerable  scatter  of  the  data  at  low  concentrations,  the  1/a  values 
Increase  rapidly  at  low  concentrations  of  MMH  In  the  liquid  phase.  A value 
of  1/a  » 8 appears  reasonable.  (Note  that  a value  of  a * 1/8  to  1/15  would 
not  greatly  Influence  column  design.) 

For  the  very  low  values  of  y the  vapor-liquid  equilibrium  curve  can  be 
represented  by  a straight  line  with  a slope  of  1/8. 

y ■ mole  fraction  of  MMH  In  overhead 

x ■ mole  fraction  of  MMH  In  reboller 

F ■ separation  factor 


a ■ relative  volatility 


n ■ number  of  theoretical  plates  assuming  a 75% 
plate  efficiency  for  the  2 plate  column 

n - 1 + (.75)  (2)  - 2.5 


an  + 1 ■ separation  factor  * F 


The  vapor/llquld  equilibrium  can  then  be  calculated  from: 


i * <5- 1)  i 


Column  conditions  for  L/V  a 1/2,  L/D  = 1/1  with  a feed  of  2.5  wt3!  MMH 
concentration  of  10  ppm  are  shown  In  Figure  7. 

Using  a = 1/8,  an  expanded  vapor-liquid  curve  can  be  drawn  for  L/D  ■ 1/2 
as  shown  In  Figure  8. 

The  desired  product  (vapor  yD)  has  10  opm  or  4 x 10"*  m.f.  of  MMH.  A 
reflux  ratio  of  L/D  = 1/2  Is  assumed  and  the  relative  volatility  of  1/8  is 
used.  The  liquid  In  equilibrium  with  yQ  Is  Xj  with  16  x 10"*  m.f.  MMH. 

The  theoretical  plates  can  be  stepped  off  graphically  as  Illustrated  In 
Figures  8,  9 and  10.  The  approximate  compositions  are: 

m.f.  x 10"* 

Plate  j_  JL_ 

Top  4 32 

2 18  150 

3 76  600 

4 310  2200 

5 1200  9200 

Since  the  feed  Is  .01  MMH  It  could  be  fed  to  the  5th  or  6th  plate. 

3.7.4  Verification  of  WH  Azeotropic  Distillation 

The  MMH  recovered  from  the  bleach  reaction  solution  by  a series  of  fil- 
iations and  evaporations  was  2.73!  by  weight  In  water  solution.  A 2 Inch 
sieve-tray  fractionation  column  was  set  up  (20  plates  above  and  10  plates 
below  the  feed)  to  concentrate  the  feed  solution  to  azeotropic  composition. 

Because  of  the  limited  capacity  of  this  column  It  took  more  than  150 
hours  of  continuous  operation  to  obtain  about  2.4  kg  of  the  "azeotropic" 
composition  mixture  (34*  MMH).  Two  different  reflux  ratios  were  investigated 
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V = 2(93.75) 


2.5  wtX  MMH* 
97.5  wt%  Water 


= 93.75 


40  wtX  MMH 
♦H20  = 3.75  lb 
MMH  = 2.5  lb 


D = 93.75 


* 0.0089  m.f,,  use  .0!  m.f. 


lb  H20 


Figure  7.  AZEOTROPIC  COLUMN  DESIGN  CONDITIONS 
Based  on  100  lb  feed 


/WATER 


during  the  course  of  the  continuous  distillation,  and  various  overhead 
samples  were  taken  for  MMH  analysis.  These  data  are  presented  In  Table  3-21. 

The  data  were  somewhat  Inconsistent  and  the  results  did  not  entirely 
agree  with  calculated  overhead  MMH  concentrations  based  on  equilibrium  data. 
It  Is  possible  that: 

(1)  The  feed  and  overhead  take-off  pumps  were  not  stable  enough 
to  keep  the  feed  and  withdrawal  rates  constant  at  all  times. 

(2)  The  2 In  sieve-tray  columns  used  for  the  study  was  unstable; 
at  times  some  of  the  plates  above  the  feed  either  contained 
no  liquid  or  were  flooded. 

The  azeotropic  fractionation  would  be  Improved  by  using  more  stable 
feed  and  product  pumps  and/or  a larger  distillation  column. 

3.8  Extractive  Distillation  of  MMH 

3.8.1  Introduction 

The  bottoms  of  the  azeotropic  distillation  column  are  a constant 
boiling  mixture  with  about  4256  wt  MMH.  The  specification  grade  MMH  Is 
recovered  from  this  mixture  by  extractive  distillation  using  caustic  to 
suppress  the  vapor  pressure  of  the  water.  This  extractive  distillation 
was  Investigated  with  a 1 In.  diameter  glass  column  and  the  same  laboratory 
column  was  later  used  to  prepare  specification  grade  MMH  from  the  pilot 
plant  batch. 

3.8.2  Laboratory  Batch  Distillation  with  Purchased  MMH 

Laboratory  studies  of  the  extractive  distillation  were  conducted  to 
determine  the  concentration  of  NaOH  necessary  to  minimize  the  carry-over 
of  MMH  It!  the  still  bottoms. 

Test  conditions  for  the  extractive  distillation  with  purchased  MMH  are 
shown  In  Figure  11.  Results  of  the  laboratory  studies  are  given  In 
Table  3-22  and  Indicate  that  the  concentration  of  MMH  In  the  still  bottoms 
decreases  to  less  than  3 wtX  when  the  NaOH  concentration  Is  25  wtX  of  the 


€2 


v"“- 


Table  3-21 


PERFORMANCE  OF  2"  DIAMETER  AZEOTROPIC  FRACTIONATION 
OPERATING  DURING  VERIFICATION  RUN 


Pressure, 

mmlig(a) 

Reboiler 
Temp,  °C 

Feed 

Rate 

ml/min 

9o11-up 

Rate, 

ml/min 

Reflux  Ratio, 
L/D* 

Overhead  MMH  Cone, 
ppm 

640 

96 

4.1 

8.0 

1.5 

290 

640 

96 

4.7 

8.0 

1.5 

259 

640 

96 

2.5 

8.0 

1.0 

54 

640 

96 

5.0 

8.0 

1.22 

231 

640 

96 

0. 

8.0 

1.5 

134 

640 

96 

4.7 

8.0 

1.16 

135 

640 

96 

5.5 

8.0 

0.78 

150 

640 

96 

4.8 

8.0 

1.35 

180 

640 

96 

5.5 

8.0 

1.0 

225 

*L  * Liquid  returned  to  column, 
D = Liquid  product 
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NaOH  - 2.2  g 

% MW  NOTE:  For  decscrlptlon  of  distillation 

colmun  conditions  MW  has  been 
99.67  expressed  In  terms  of  water 

99,78  equivalents  as  follows: 

99.84  is 

00.61  g-MW  x * g-water  equivalents 


Figure  11.  MW  EXTRACTIVE  DISTILLATION  COLUMN  RESULTS 
(Purchased  MW) 
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6 

45.1 

62.6 

12.6 

10 

2.0 

7 

41.0 

62.0 

14.0 

10 

1.5 

8 

33.3 

52.7 

<3.0 

25 

1.25 

♦Based  upon  total  water  content 


total  water  In  feed.  Although  this  Is  a relatively  low  MMH  concentration. 

It  Is  a very  significant  loss  and  suggested  the  use  of  a higher  caustic 
concentration. 

It  should  be  noted  that  this  column  has  a relatively  low  heat  require- 
ment and  therefore  the  reflux  ratio  does  not  greatly  affect  the  overall 
heat  requirements  of  the  plant. 

3.8.3  Laboratory  Distillation  with  Pilot  MMH  Batch 

A 20  plate  Oldershaw  Column  (30  mm/I.D. ) with  the  feed  on  the  11th 
plate  from  the  top  was  operated  continuously  under  the  conditions  of 
Figure  11.  The  column  was  put  on  line  using  a simulated  feed  made  up  with 
MMH  obtained  from  Aldrich  Chemical  Co.  The  column  operated  for  several 
hours,  producing  140  g of  overhead  (OH)  with  compositions  better  than  99.5% 
MMH.  This  corresponds  to  a final  product  recovery  of  76%.  (The  other  25% 

In  the  bottoms  was  recovered  In  a subsequent  distillation.) 

During  subsequent  batch  distillations  It  was  found  that  the  charge  (both 
simulated  and  from  the  pilot  plant)  foamed  and  frothed  to  varying  degrees 
on  being  brought  to  a boll.  The  pilot  plant  charge  which  had  been  mixed 
with  the  alkali  and  stored  for  7 days  foamed  so  vigorously  that  foam  started 
up  the  column  and  the  still  pot  had  to  be  quenched.  The  simulated  charge 
showed  less  frothing.  In  commercial  practice  where  hold-up  times  are  much 
smaller  and  severe  foaming  without  flooding  or  plugging  can  be  handled, 
this  effect  should  be  minimized. 

In  view  of  the  foaming  difficulties  when  operating  this  small  labora- 
tory column  on  a continuous  basis  It  was  decided  to  use  batch  distillation 
to  produce  the  MMH  required  for  a verification  of  the  process.  In  these 
batch  distillations  the  reboiler  was  charged  with  200-300  g of  MMH  In  water 
plus  solid  NaOH  to  give  a feed  composition  the  same  as  In  Figure  11.  The 
overhead  was  collected  In  several  fractions,  which  contained  less  than  1.5% 
water  and  were  considered  specification  grade  MMH.  Subsequent  fractions 
contained  Increasing  amounts  of  water.  These  later  fractions  (wet)  were 
used  as  a part  of  the  charge  to  the  still  In  subsequent  distillations. 
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Examination  of  the  data  In  Table  3-23  Indicates  a 50-60*  MMH  recovery 
and  a 95*  total  material  balance  for  these  batch  distillations.  The  MMH 
loss  was  due  to  the  discard  of  still  bottoms  containing  less  than  35  wt* 
MMH.  This  large  loss  would  not  occur  In  a continuous  column;  however,  some 
MMH  and  Hz  may  remain  in  the  still  bottoms  and  would  have  to  be  recovered. 
The  process  design  provides  for  this  recovery. 

3.8.4  Analysis  of  Pilot-Produced  MMH 

The  four  batches  of  MMH  produced  by  the  above  extractive  distillation 
procedure  were  analyzed  at  IITRI  using  the  gas  chromatographic  techniques 
specified  In  MII-P-27404A,  20  May  1969.  Samples  were  submitted  to 
Edwards  Air  Force  Base  and  were  analyzed  In  their  laboratories.  Results 
are  given  In  Table  3-24.  According  to  Edwards  Air  Force  Base  analysis, 
Batch  A contained  0.4*  water;  Batch  C had  2.4*  water. 

3.8.5  Hydrazine  Recovery 

In  the  proposed  urea  process,  about  10*  of  the  charged  urea  remains 
as  urea  after  the  amine  reaction.  It  was  proposed  to  leave  this  unreacted 
urea  In  solution  and  to  let  It  form  hydrazine  during  the  bleach  reaction. 
The  hydrazine  would  be  carried  with  the  MMH  to  the  extractive  distillation 
where  hydrazine  hydrate  (HH)  would  be  removed  with  the  25*  caustic  from 
the  still  bottoms.  The  HH  would  come  over  with  the  water  vapor  during  the 
caustic  reconstitution  step. 

3.9  Waste  Treatment 

3.9.1  Sources  of  Wastes 

The  primary  wastes  generated  In  the  urea  process  are: 

• Water  (overhead)  In  the  azeotropic  distillation  of  crude 
MMH  solution 

• Salts  from  filtration  during  concentration  of  the  crude 
MMH  or  UDMH  product 

• Water  from  the  caustic  reconstitution  process 

• Miscellaneous  volatile  by-product  and  gaseous  products 
from  decomposition. 
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Table  3-23 

BATCH  EXTRACTIVE  DISTILLATION  OF  PILOT  MMH  BATCH 


CHARGE 

Run  A 

B 

C 

D 

MMH,  g 

290.6 

222.8 

171 

277.7 

Water,  g 

263.2 

288 

459 

420 

NaOH,  g (Pellets) 

107.5 

135 

121 

151 

RECOVERED  OVERHEAD 

Specification  grade  MMH 

MMH,  g 

142.5 

94.3 

35.4 

160 

Water,  g 

0 

0 

0 

0 

Wet  MMH 

MMH,  g 

51.2 

56.8 

51.6 

0 

Water,  g 

63.8 

65.2 

47.5 

0 

MMH  RECOVERY 

Specification  grade  MMH,  g 

142.5 

94.3 

35.4 

160 

Wet  MMH.  q 

51.2 

56.8 

51.6 

- 

Total , g 

193.2 

151.1 

87.0 

- 

% of  Charge 

67% 

68% 

51% 

- 

OVERALL  MATERIAL  BALANCE 

Charge,  g 

662.0 

746 

630 

849 

Overhead,  g 

115.0 

216.3 

132.5 

160 

Bottoms,  g 

323.5 

216.3 

132.5 

680 

% Accounted  For 

90% 

ion 

89% 

99% 
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All  waste  products  must  be  treated  to  Insure  no  environmental  Impact. 
Exploratory  laboratory  experiments  were  conducted  to  determine  the  extent 
of  this  problem. 

3.9.2  Carbon  Adsorption  of  Hydrazine 

Exploratory  studies  of  adsorption  of  Hz,  MMH,  and  UDMH  on  two  types  of 
carbon  were  conducted.  The  samples,  however,  appar  ntly  underwent  change 
between  the  time  of  sampling  and  the  time  of  analysis  sc  results  were  incon- 
clusive. 

Carbon  adsorption  studies  were  also  conducted  by  Verzlno  (June  1976)  of 
the  Aerospace  Corporation.  Three  carbcns,  Flltrasorb  400,  Nuchar  WV-W,  and 
Wltco  235  were  used.  Solutions  containing  1000  ppm  UDMH  were  treated  with 
40  q/t.  of  the  carbon.  Treated  samples  contained  30-40  ppm  UDMH,  equivalent 
to  95%  removal.  Carbon  capacity  was  approximately  0.0002  g UDMH/g  carbon 
at  the  30  ppm  final  concentration. 

Verzlno  conducted  a second  set  of  experiments  In  August  1976  using  20 
ppm  of  UDMH  and  treating  with  20  g carbon/1  Iter  reduced  the  UDMH  concen- 
tration to  below  0.001  ppm. 

While  these  results  Indicate  carbon  does  adsorb  the  hydrazines,  the 
adsorption  capacity  Is  very  low.  Further  Investigations  of  the  adsorption 
capacity  of  activated  carbon  are  required  before  the  potential  of  this 
means  of  treating  wastewater  can  be  assessed. 

3.9.3  Oxidation  Treatment  of  Hydrazine 

Hoke  has  Indicated  that  hydrazines  In  wastewater  can  be  oxidized  by 
atmospheric  oxygen  as  well  as  by  sodium  hypochlorite.  Coughllng  has 
reported  that  activated  carbon  serves  as  a catalyst  In  the  oxidation  of  a 
large  number  of  organics.  Emel  (a  reference  obtained  after  completion  of 
the  laboratory  work)  Indicates  that  alumina  acts  as  a catalyst  for  ozone 
oxidation. 

Initial  attempts  to  oxidize  Hz,  MMH,  and  UDMH  with  ozone  resulted  In 
significant  reductions  of  these  compounds.  In  the  case  of  UDMH,  however, 
considerable  nltroso  dlmethylamlne  was  formed. 


Experiments  by  Verzlno  to  test  the  activated  carbon/air  oxidation  of 
UDMH  were  encouraging  and  Indicate  this  approach  should  be  further  Inves- 
tigated. 

3.9.4  Solid  Waste  Treatment 

According  to  the  material  balance  for  the  proposed  process,  some  18  lb 
of  dry  salts  or  26  lb  of  wet  salt  cake  are  generated  per  lb  of  MMH  produced. 
The  salts  consist  of  NaCl , NajCOi,  and  NaOH.  The  salts  must  be  free  (probably 
less  than  0.4  ppm)  of  hydrazine  before  disposal.  Composition  of  the  salt 
obtained  during  the  verification  studies  Is  given  In  Table  3-25.  The  wet 
cake  has  approximately  5*  water  and  3000  ppm  hydrazine.  This  water  could 
be  evaporated  In  a salt  dryer  and  condensed  to  give  hydrazine-containing 
water  which  could  be  returned  to  the  system. 

3.10  UDMH  Process 

3.10.1  Introduction 

During  this  study  efforts  were  concentrated  on  the  development  of  the 
urea  process  for  the  production  of  MMH  and  only  limited  efforts  were 
expended  in  the  study  of  the  UDMH  process.  The  laboratory  work  Indicated 
good  yields  and  few  processing  problems.  No  attempt  was  made  to  verify 
the  laboratory  results  on  a large  scale. 

3.10.2  Production  of  UDMU 

UDMU  was  produced  by  the  reaction  of  urea  and  DMA  in  an  aqueous  solu- 
tion at  118°C  (Table  3-26).  A 25%  excess  of  DMA  was  used  and  a yield  of 
UDMU  of  87%,  based  on  urea,  was  obtained  with  a 240  min  reaction  time. 

Data  from  a second  run  Is  shown  In  Table  3-27.  In  this  run  a 50%  ey.cess 
of  DMA  was  used  and  the  yield,  based  on  urea,  was  98%  at  240  min  reaction 
time. 

These  two  reactions  indicate  that  good  yields  can  be  obtained  without 
dl  faculty. 


Table  3-25 


HYDRAZINE  CONCENTRATION  IN  WET  SALT  CAKE 


Cake 

Total 
Weight. kg 

MMH 

Weipht.kg 

HZ 

Weight. kq 

1 

13.97 

0 

.084 

2 

20.4 

.046 

.003 

3 

8.26 

.002 

.0007 

Total  42.63  .048  .0877 


Concentration  = * 3200  ppm 
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Table  3-25 
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3.10.3  Production  of  UDMH 


UDMH  was  produced  In  the  laboratory  by  the  procedure  used  by  Vickburg 
Chemical  Company  and  described  by  Wax.  They  reported  a 95%  yield  of  UDMH. 

The  Vickburg  procedure  is  given  below: 

(a)  19.9  g DMU  (.2227  moles  DMU:  .0052  NH^Cl ) Is  dissolved  in 
160  ml  H20  and  35.3  g 50%  caustic  (.4450  moles). 

(b)  The  DMU/caustic  solution  Is  cooled  to  -10°C  with  stirring. 

(c)  142  g of  11.1%  NaOCl  (.223  moles)  at  -10°C  Is  added  rapidly 
to  the  cold  DMU  solution. 

(d)  The  reaction  mixture  is  allowed  to  sit  in  an  ice/methanol 
bath  for  10  minutes  at  which  time  35.3  g 50%  caustic  are 
added  and  the  solution  brought  rapidly  to  distillation 
temperature. 

(e)  Approximately  70  g of  distillate  are  caught  in  a cold 
trap  and  weighed  accurately. 

They  stated  that  it  was  essential  that  the  UDMH  be  distilled  rapidly 
to  Insure  good  yields. 

This  procedure  was  duplicated  and  results  of  the  experiment  are  given 
in  Table  3-28.  A UDMH  yield  of  99%  was  obtained. 

On  the  basis  of  these  laboratory  experiments.  It  appears  that  UDMH  can 
be  produced  by  the  urea  process  without  difficulty. 
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Table  3-28 


UDMH  BLEACH  REACTION 


Reaction  No.  4 


Concentration,  moles/1: 

UDMU 

0.677 

NH4CI 

0.016 

NaOH  (total) 

2.74 

NaOCl 

1.08 

Temp  °C,  Initial 

-10 

Distillation 

98 

Reaction  time,  min 

30 

Volume,  ml,  reaction  mixture 

186 

Distillate 

47 

Yield,  mg/ml  UDMH 

159.2 

Hydrazine 

0.2 

Yield  UDMH.% 

99 
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4.  PRELIMINARY  PROCESS  DESIGN 


4.1  Introduction 

During  the  laboratory  studies  a continuing  effort  was  made  to  develop 
the  process  design  for  the  full  scale  plant.  These  efforts  served  to  high- 
light areas  of  particular  concern  as  to  costs,  yields,  and  waste  production 
which  were  then  studied  in  the  laboratory  effort.  The  time  frame  of  the 
work  did  not  permit  an  In-depth  study  of  every  aspect  of  the  process; 
however,  the  concurrent  development  of  the  design  and  laboratory  effort 
Insured  a maximum  of  useful  results  for  the  effort  expended.  Results  of 
this  design  effort  are  reported  here. 

The  process  design  was  based  upon  a production  rate  of  400  lbs  MMH/hr 
using  urea  and  monomethyl amine.  At  this  point  in  the  overall  development 
there  are  many  unanswered  questions  regarding  the  best  modes  of  operation, 
the  exact  size  of  equipment,  some  of  the  materials  of  construction,  waste 
treatment,  and  build-up  of  Impurities  In  recycle  streams  which  will  influ- 
ence the  design  of  the  plant.  The  information  available  is  sufficient  to 
delineate  the  process  steps,  to  develop  approximate  equipment  sizes  and 
costs,  to  prepare  the  first  mass  and  energy  balances,  and  to  prepare  early 
cost  estimates. 

For  convenience  the  process  Is  considered  In  three  sections: 

(1)  MMU  Production 

(2)  MMH  Production 

(3)  MMH  Purification 

Each  section  Is  presented  separately.  Specifications  for  major  equip- 
ment are  given  In  the  Appendix. 

4.2  MMU  Production 

Section  (1),  MMU  Production,  Is  shown  In  Figure  12. 

Urea  pellets  are  delivered  by  truck  and  a 10-day  supply  held  In  a silo 
(101).  Urea  Is  dissolved  In  water  in  a batch  operation.  The  urea  Is  fed 
through  a weigh  feeder  (102)  to  an  Intermediate  hopper  (103)  and  Into  a 
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mix  tank  (104)  with  water  at  the  proper  level  for  the  concentration  desired. 
As  urea  dissolves  considerable  heat  Is  adsorbed  and  a heat  exchanger  Is  pro- 
vided. This  tank  also  receives  the  recycle  MMA  (A-14).  The  482  urea 
solution  (A-3)  flows  to  a mix  tank  (106)  where  MMA  Is  added. 

MMA  (1002)  Is  received  by  tank  truck  and  stored  In  a low  pressure  tank 
(108)  for  use  as  needed.  The  MMA  Is  pumped  to  a weigh  tank  (110)  and  Is 
then  batch-mixed  with  the  urea  water  solution  In  a mix  tank  (106).  The  MMA 
readily  dissolves  In  water  and  no  heat  exchanger  Is  necessary.  Pressure  of 
the  system  at  this  point  Is  less  than  5 psl.  Two  batch  make-up  tanks  are 
used  to  provide  continuous  feed  to  the  rest  of  the  plant. 

The  402  urea/202  MMA  solution  (A-5)  is  then  pumped  (A-5)  to  a two  stage 
reactor  system  (112  and  114).  Total  reaction  time  Is  approximately  60  min 
at  120°C.  The  pressure  in  the  system  Increases  to  approximately  125  pslg. 
During  laboratory  studies  attempts  were  made  to  react  all  of  the  urea  and 
to  minimize  the  formation  of  SDMU.  The  two  reactor  system  provided  may 
assist  In  achieving  this  goal. 

After  the  MMU  has  formed  It  Is  pumped  (A-9)  to  a stripper  tower  (118) 
where  unreacted  MMA  and  NH3  are  removed  under  vacuum  using  steam  as  the 
Inert  gas.  (Although  a vacuum  system  Is  shown,  a pressure  system,  perhaps 
at  15-30  pslg  would  work  as  well  and  could  operate  with  warmer  cooling 
water).  The  overhead  from  the  stripper  H20,  NH3/MMA  goes  to  the  separation 
tower  (122)  and  the  MMA  Is  reclaimed  for  reuse.  The  ammonia  would  be 
recovered  In  aqueous  solution. 

Since  ammonia  In  the  solution  decreases  the  MMH  yield  the  stripped  MMU 
solution  (A-12)  should  have  less  than  30  ppm  ammonia  before  being  sent  to 
the  next  section  of  the  plant;  the  MMH  Production  Section. 

4.3  MMH  Production 

In  this  section  of  the  plant  the  MMU  Is  reacted  with  NaOCl/NaOH  to  form 
the  crude  MMH  solution.  The  process  flow  diagram  Is  shown  In  Figure  13. 

The  MMU  stream  Is  filtered  and  gelatin  added  before  entering  the  bleach 
reactors.  In  the  verification  studies  some  uncharacterlzeo  sludge 
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Evaporotors 


(approximately  0.1  g/llter)  was  noted  In  this  solution.  The  MMU  was  prepared 
in  316  stainless  steel  reactors  and  may  have  been  contaminated  by  Iron. 
Gelatin  was  added  to  prevent  decomposition  of  MMH  due  to  the  presence  of 
dissolved  Iron. 

NaOCI,  12-15%  Cl,  Is  received  by  tank  truck  and  stored  (202).  NaOH  Is 
returned  from  the  caustic  recycle  (B-3)  section  and/or  received  as  a 50  wt% 
solution.  For  best  yields,  the  NaOCl/NaOH  must  be  mixed  and  cooled  before 
reacting  with  MMU.  Mixing  of  NaOCI /NaOH  Is  accomplished  In  a jacketed  tank 
(206)  equipped  with  a pump-around  external  titanium  heat  exchanger  (208). 

The  temperature  Is  kept  at  about  0®C  by  a refrigeration  system  (210). 

MMU  and  the  NaOCI /NaOH  react  at  0-5°C  to  form  the  chlorourea  In  a 
jacketed  stirred  reactor  (209)  which  Is  equipped  with  a pump-around  heat 
exchanger  system.  This  reaction  Is  fast  (less  than  5 min)  and  the  process 
can  be  operated  continuously. 

The  reaction  mixture  (B-5)  Is  rapidly  brought  to  80°C  (heat  exchanger 
213)  and  MMH  Is  formed  in  two  reactors  In  series  (214  and  216).  Degassing 
due  to  the  decomposition  occurs,  primarily  In  the  first  reactor. 

The  crude  MMH  product  (B-7)  (about  2-3%  MMH)  which  contains  NaCl , 

Na2C0j,  NaOH,  HH,  and  probably  some  light  ends  Is  sent  to  the  evaporators 
(220)  (225)  where  T.he  water/MMH  Is  evaporated  and  the  solids  removed  by 
centrifuges  (223)  (231).  The  salt  cake  (B-8  and  B-9)  Is  sent  to  the  waste 
treatment  section.  A two  stage  evaporation  (220-225)  appears  necessary  to 
recover  most  (99  + %)  of  the  MMH.  In  the  verification  studies  the  salt 
from  the  second  stage  evaporation  contained  about  1%  by  weight  hydrazine 
hydrate . 

The  condensate  from  the  evaporators  contains  the  400  lbs  of  MMH  In  a 
total  stream  of  14,716  lbs  (B-10). 

4.4  MMH  Purification 

The  fflH  purification  system  Is  shown  In  Figure  14. 

The  crude  MMH  product  (about  3%  MMH  In  water,  C-l)  Is  sent  to  a surge 
tank  (300)  and  then  to  the  azeotropic  distillation  column  (301).  In  this 
column  the  MMH  concentration  Is  Increased  to  about  40  wt%  at  the  bottom 
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of  the  column.  The  column  Is  designed  to  produce  "clean"  water,  less  than 
10  ppm  MMH,  as  overhead.  Since  the  separation  factor  for  the  system  Is 
relatively  high  It  may  be  possible  to  operate  the  column  with  an  overhead 
concentration  of  less  than  0,1  ppm  MMH  In  the  water.  Some  light  ends 
(possibly  methanol)  and  ammonia  from  decomposition  would  be  expected  in 
this  water.  The  light  ends  are  removed  by  a simple  purge  system  (300,  309, 
312)  and  the  product  (bottoms  at  about  40  wt%  MMH,  C-7)  is  sent  to  the 
extractive  distillation  column  (314). 

The  extractive  distillation  Is  conducted  using  50  wt%  NaOH  (C-8)  to 
suppress  the  vapor  pressure  of  the  water.  The  overhead  product  (C-10)  Is 
99  + wt%  MMH  and  Is  sent  to  product  storage.  The  still  bottoms  contain 
NaOH,  H20,  Hz,  and  probably  some  decomposition  products.  The  column  should 
be  designed  for  little  or  no  (less  than  0.5%)  MMH  In  the  still  bottoms. 

The  caustic  (C-ll)  used  for  extractive  distillation  Is  reconstituted 
to  50  wt%  In  an  evaporator  (320).  During  the  evaporation  any  remaining 
Hz  and  MMH  come  over  with  the  vapors  and  are  concentrated  to  close  to  the 
40  wt%  MMH  azeotrope  by  feeding  the  vapors  to  a fractionation  column  (322). 
The  overhead  from  this  column  Is  pure  water  (C-14)  and  is  returned  to  the 
process.  The  bottoms  which  contain  MMH  and  Hz  and  water  (C-16)  are  fed  to 
a small  extractive  distillation  column  (329)  where  Hz  and  MMH  are  separated 
in  a refining  column  (335).  While  the  separation  appears  somewhat  complex 
It  is  required  to  remove  the  Hz  from  the  system.  If  the  pilot  plant  could 
demonstrate  the  reaction  of  all  of  the  urea  to  fWU  the  formation  of  Hz 
would  be  minimized  and  this  separation  system  could  be  avoided. 

4.5  Waste  Treatment 

The  major  waste  product  Is  NaCl  which  Is  contaminated  with  traces  of 
Hz  and  MMH.  This  waste  Is  removed  during  the  evaporation/centrifugation 
process  and  pilot  studies  Indicate  it  will  contain  ^latlvely  low  concen- 
trations of  water.  Some  consideration  was  given  to  the  Installation  of  a 
sodium  hypochlorite  generating  plant  which  would  use  this  waste  as  a feed. 
This  plant  is  relatively  complex  and  requires  a major  capital  expenditure. 


In  view  of  these  factors  It  was  decided  that  a better  approach  would  be  to 
install  an  Incinerator  to  heat  the  by-product  salt  to  a temperature  suffi- 
cient to  Insure  removal  of  any  contaminants. 

Such  an  Incinerator  was  estimated  to  cost  $400,000  and  have  a fuel 
cost  of  $0. 03/lb  salt  treated.  Solid  waste  disposal  costs  at  the  plant 
location  were  estimated  at  $0. 05/lb.  Thus  the  disposal  cost  of  the  wet 
waste  salt  was  estimated  as  $0. 08/lb  salt  or  $1. 60/lb  MMH. 

Most  water  will  be  recycled.  Mater  entering  the  plant  with  NaOCl 
amounts  to  about  10  lbs  water  per  lb  MK.  The  excess  water  could  be  used 
In  the  cooling  tower  provided  It  does  not  represent  a health  or  safety 
hazard.  No  provision  was  made  for  cost  of  treating  this  water. 

Vent  gases  are  assumed  to  be  of  very  low  volume  and  would  be  Incine- 
rated In  the  by-product  salt  incinerator. 

Some  NaOH  may  remain  In  the  bottoms  stream  of  the  evaporator  and 
contaminate  the  salt.  No  provision  was  made  to  treat  this  NaOH. 

No  provision  was  made  to  treat  the  NaOH  purge  stream  from  the  extrac- 
tive distillation.  This  purge  Is  necessary  to  avoid  build-up  of  concen- 
trations of  hazardous  compounds.  If  the  purge  Is  relatively  small  It  may 
be  neutralized  by  the  C02  In  the  flue  gas  of  the  Incinerator. 


5.  PRELIMINARY  COST  ESTIMATE 


A preliminary  cost  estimate  can  be  made  on  the  basis  of  the  cost  of 
purchased  equipment,  raw  materials,  and  labor.  Such  an  estimate  has  been 
developed  for  a MMH  plant  rated  at  a capacity  of  400  lbs/hr. 

5.1  Purchased  Equipment 

Brief  specifications  and  cost  of  individual  equipment  Items  are  given 
In  the  Appendix.  These  costs  were  based  on  published  literature  and  data 
in  IITRI  files  from  previous  studies.  Costs  are  as  of  November  1977.  The 
installed  equipment  costs  for  the  three  major  sections  of  the  plant  are: 

MMH  Production  $ 239,000 
MMH  Production  970,000 

MMH  Production  291,000 

$1,500,000 

5.2  Total  Capital  Costs 

Purchased  equipment  can  be  used  as  a basis  for  estimating  the  total 
capital  cost  of  the  plant.  Since  this  Is  a very  small  plant  some  costs, 
such  as  Instrumentation,  represent  a higher  proportion  of  the  total  than 
they  would  In  a large  scale  chemical  plant.  Total  capital  costs  are  pre- 
sented In  Table  5-1.  These  costs  were  charged  against  6-1/2  years'  pro- 
duction at  2 x 106  lb/yr  or 

' *°-7W,b  *" 

5.3  Raw  Materials  Costs 

Raw  materials  costs  are  primarily  based  upon  two  reactions 
MMA  + MU  -*■  MMU  - 70%  yield 
MMU  + NaOCl  -MMU  - 52%  yield 

Laboratory  yields  of  MMU  were  about  65%  whereas  the  pilot  plant  veri- 
fication yields  were  about  80%.  A portion  of  this  difference  may  be  due 
to  changes  In  the  analytical  procedures  and  part  may  be  due  to  the  better 
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Table  5-1  Estimated  Capital  Costs 


Purchased  equipment,  installed  $1,500,000 

Instruments  + controls,  Installed  300,000 

Piping  600,000 

Electrical  400,000 

Buildings  500,000 

Site  improvements,  facilities  1,200,000 

Services  800,000 

Land  -0- 

Incinerator  500,000 

Unspecified  equipment  400,000 

Site  preparation  1,200,000 


$7,400,000 

Engineering  and  supervision  600,000 
Construction  expense  550,000 
Contractors  fee  250,000 
Contingency  750,000 


$9,550,000 
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agitation  and  temperature  control  of  the  pilot  plant  reactor.  A yield  of  70% 
has  been  assumed  for  the  cost  calculation,  further  pilot  plant  work  may  result 
In  the  yield  of  85-90%. 

Conversion  of  MMU  to  MMH  by  the  bleach  reaction  Is  a complex  series  of 
reactions  and  laboratory  yields  of  52%  were  obtained  as  a result  of  a statis- 
tical series  of  experiments.  This  yield  could  not  be  duplicated  In  the  veri- 
fication runs  and  the  reason  for  the  lower  yield  was  not  ascertained.  A major 
difference  was  the  use  of  glass  reactors  In  the  laboratory  and  stainless  steel 
reactors  in  the  pilot  plant.  Yield  In  the  verification  runs  was  41.1%;  a 
yield  of  52%  was  assumed  for  the  cost  estimate.  Quantities  of  raw  materials 
necessary  for  400  Ib/hr  production  are  shown  In  Table  5-2. 

Cost  of  the  raw  materials  were  taken  as  of  Fall  1977  from  the  Chemical 
Marketing  Reporter  ar.d  a quotation  on  NaOCl  delivered  In  4,000  gal  tank  trucks 
to  Chicago.  These  costs  are  given  In  Table  5-3. 

5.4  Cost  of  Labor 

The  cost  of  labor  is  shown  In  Table  5-3. 

Maintenance  is  assumed  to  be  6%  of  the  plant  cost  or  $573,000/yr  (or 
$0,286  lb  MMH  at  a production  of  2,000,000  lbs/hr). 

Miscellaneous  plant  expense  Is  estimated  at  $200,000/yr  or  $0. 10/lb  of  MMH. 

5.5  Utility  Costs 

Steam  economy  will  be  highly  dependent  upon  the  ability  to  make  good 
yields  and  relatively  good,  say  4%  MMH  concentrations.  There  are  some  oppor- 
tunities for  steam  savings,  however,  control  difficulties  may  cancel  any 
steam  savings.  No  special  steam  conservation  measures  were  considered  in  the 
cost  estimate.  The  steam  usage  was  estimated  at  70  lbs  steam  per  lb  !WH. 

Steam  cost  was  estimated  at  $3.50/1000  lb  or  0.245/lb  MMH.  Electrical  power 
was  estimated  to  cost  $0.02  kw-hr  or  $0.05/ lb  MMH. 

5.6  Waste  Treatment 

The  major  waste  steam  is  NaCl  which  is  generated  at  the  rate  of  about 
8,000  lbs/hr.  This  salt  will  be  heated  to  1500°F  to  Insure  that  It  Is  free 
of  contamination.  Cost  of  heating  was  estimated  at  $0. 03/lb  MMH.  Cost  of 
disposal  was  estimated  at  $0. 05/lb  salt  or  $1. 00/lb  WH. 
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Table  5-2  Quantities  and  Costs  of  Raw  Materials 


lb  mole/lb  mole  MMH 
lb/lb  MMH 
lb/400  lb  MMH 
Cost,  $/lb 
Cost,  $/lb  MMH 

Total  Raw  Material , 


Urea 

2.74 

3.56 

1424 

.08 

0.085 


MMA 

2.74 

1.84 

736 

.30 

0.552 


NaOCl 

2.88 

4.63 

1852 

.128 

.593 


NaOH 

6.92 

6.62 

2648 

.08 

0.554 


$/lb  MMH 1 .984 
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Table  5-3  Labor  Costs 
(Production  400  lbs/hr,  9600  Ibs/day) 


Number 

Wage 

Shifts 

Cost 

Ml 

per  shift  $/hr 

per  day 

per  day 

Operators 

8 

7.00 

3 

1,344 

Chemist 

1 

10.00 

3 

240 

Supervisors 

1 

12.00 

3 

288 

Plant  Manager 

1 

20.00 

1 

160 

Total 

2,032 

Salary  related 

costs,  30% 

607 

2,639 

Overhead  150%  3,944 

6,583 

.686 


Cost  per  lb  MMH 


5.7  Cost  Summary 


A summary  of  the  cost  for  MWi  Is  given  In  Table  5-4.  The  estimated 
cost  of  $7. 06/lb  is  believed  to  be  accurated  to  + 202  based  on  the  process 
and  yields  as  stated. 

6.  SUMMARY  AND  RECOMMENDATIONS 

Production  of  MMH  via  the  urea  process  is  technically  feasible.  The 
relatively  low  yield  in  the  bleach  reaction  results  in  large  amounts  of 
NaCl  which  presents  a disposal  problem. 

A preliminary  estimate  of  the  cost  of  MMH  is  7.06/lb  this  is  believed 
to  be  accurate  to  + 202. 

Production  of  UDW  via  the  urea  process  Is  technically  feasible  and 
may  be  economically  attractive.  High  yields  result  in  good  production  with 
reasonable  waste  generation. 

One  area  not  adequately  addressed  during  the  program  was  the  optimi- 
zation of  the  bleach  reaction  for  formation  of  MMH.  All  studies  were 
conducted  with  a simple  batch  reactor  under  a statistically  designed  set 
of  experiments.  This  reaction  appears  to  be  suitable  for  a continuous 
reactor  system  which  may  result  in  higher  yields. 

Further  process  design  work  is  required  to  more  completely  define 
the  vapor/liquid  equilibrium  of  the  MMH/water  system  and  the  MMH/NaOH  water 
system  and  the  wastewater  treatment  system. 
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Table  5-4  Summary  of  Costs  for  MMH  Based  on 
Production  Rate  of  40 Q lbs /hr 


Cost  Element  Amount  $/lb  MMH 

Capital  costs  0.734 
Raw  Material  1.984 
Burden  (40  %)  .794 
Labor  .686 
Maintenance  .286 
Plant  Expense  .100 
Steam  .245 
Electrical  power  .050 
Waste  treatment  1 .030 


Total  cost  of  production  5.909 
Administrative  overhead  24%  .341 
Total  cost  of  manufacture  6.250 
Profit  (13  %)  .812 


7.062 
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APPENDIX  A 

EQUIPMENT  SPECIFICATIONS 
SECTION  I - MMU  PRODUCTION 


MMJ  PRODUCTION  SYSTEM 
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Unit  Number  and  Name:  101  - Urea  Receiving  Hopper 

Function:  To  store  urea  for  10  working  days  of  capacity 

Sped  fl  cations : 

Type:  conical  bottom 

Capacity:  180,000  lbs  urea,  approximately  4,000  fts 
Material  of  construction:  mild  steel 
Use  tanks  12  ft  diameter  by  35  ft  high 

Assume  urea  Is  delivered  In  tank  truck  which  can  feed  top  of  storage  tank 
by  self-contained  pneumatic  conveyor. 

Estimated  Cost: 

Purchased  cost:  $16,800 
Installed  cost:  22,500 
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Unit  Number  and  Name:  102  - Screw  Conveyor 


Function:  To  feed  urea  pellets  to  weigh  scale 

Specifications : 

Type:  horizontal 

Capacity:  16  ft  long  x 6 in.  diameter 

Material  of  construction:  carbon  steel  approximately  760  lb  urea/hr 

(12  ft’/hr) 


Utilities: 

Electricity:  0.746  Kw 

Estimated  Cost: 

Purchased  cost:  $6,000 
Installed  cost:  7,500 
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Unit  Number  and  Name:  103  * Batch  Weight  Tank 
Function:  To  weigh  urea  for  batch  make-up 

Specifications: 

Capacity:  2,000  lbs 

Material  of  construction:  carbon  steel 

Estimated  Cost: 

Purchased  cost:  $ 7,000 
Installed  cost:  10,000 
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Unit  Number  and  Name:  104  - Batch  Make-up  Tank 


Function:  To  dissolve  urea  In  water  and  mix  with  the  recycle  WA  solution 
2 tanks  required. 

Specifications: 

Type:  conical 

Capacity:  250  gal 

Agitation:  Mechanical  seal 

Material  of  construction:  304  stainless  steel 

Design  Pressure:  100  psl 

Steam  sparger  for  heating 

Utilities: 

Steam:  60,000  Btu/hr 
Electricity:  1 kw 

Estimated  Cost: 

Purchased  cost:  $16,000  each 
32,000  total 
Installed  cost:  40,000  total 
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Unit  Number  and  Name:  105  - Pump 


Function:  To  pump  urea  solution  from  make  up  tank 


Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250  “F 
Design  pressure:  150  psi 


Utilities: 

Electricity:  1 Kw 


Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 
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Unit  Number  and  Name:  106  - Reactor  Feed  Tank  (2  required) 


Function:  To  dissolve  anhydrous  MMA  In  aqueous  urea  solution 

Specifications: 

Type:  conical 
Capacity:  500  gal 
Agitation:  double  mechanical  seal 
Jacketed:  yes 

Material  of  construction:  304  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  70  - 100°F 
Operating  pressure:  5-25 

Utilities: 

Cooling  water:  70  ®F,  10  gpm 
Electricity:  1 Kw 

Estimated  Cost; 

Purchased  cost:  $15,000 
Installed  cost  13,000 
Total  for  2:  36,000 
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Unit  Number  and  Name:  107  - Pump 


Function:  To  pump  anhydrous  MMA  from  tank  car  into  storage  tank 

Specifl cations: 

Type:  positive  displacement 
Capacity:  5 gpm 

Material  of  construction:  carbon  steel 

Operating  Conditions: 

Operating  temperature:  75°F 
Operating  pressure:  50  psl 

Utilities: 

Electricity:  3 Kw 

Estimated  Cost: 

Purchased  cost:  $2,500 
Installed  cost:  3,500 


AI-7 


Unit  Number  and  Name:  108  - Storage  Tank 

Function:  Receive  and  store  anhydrous  MMA  from  tank  car  or  tank  truck 
Specifications: 

Type:  horizontal  ASME  code  pressure  vessel 

Capacity:  72,000  lb  MMA 

Material  of  construction:  carbon  steel 

Operating  Conditions: 

Operating  temperature:  75  ®F 
Operating  pressure:  100  pslg,  maximum 

Others:  designed  for  full  vacuum  and  with  safety  relief  valves 

Estimated  Cost: 

Purchased  cost:  $14,000 
Installed  cost:  17,500 
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Unit  Number  and  Name:  109  - Pump 


Function:  To  pump  anhydrous  MMA  from  storage  tank  to  batch  tank 

Specifications: 

Type:  positive  displacement 
Capacity:  5 gpm 

Material  of  construction:  carbon  steel 

Operatl ng  Condi tl ons : 

Operating  temperature:  75 °F 
Operating  pressure:  50  psl 

Utilities: 

Electricity:  3 Kw 

Estimated  Cost: 

Purchased  cost:  $2,500 
Installed  cost:  3,500 
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Unit  Number  and  Name:  110  - MMA  Batch  Tank 
Function:  To  make  up  batch  of  MMA 

Specifications: 

Type:  conical 
Capacity:  500  gal 

Material  of  construction:  carbon  steel 
Design  pressure:  100  psi 

Operating  condlltons: 

Operating  temperature:  75°F 
Operating  pressure:  50  psi 

Estimated  Cost: 

Purchased  cost:  $3,000 
Installed  cost:  4,200 
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Unit  Number  and  Name:  111  - Transfer  Pump 

i 

I 

Function:  Transfer  urea/MMA  solution  to  reactor 
Specifications: 

Type:  positive  pressure  (Moyno) 

Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  100  °F 
Design  pressure:  150  psi 

Operating  Conditions: 

Operating  temperature:  75°F 
Operating  pressure:  130  psi 

Utilities: 

Electricity:  2 Kw 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  4,000 
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Unit  Number  and  Name:  112  - Pressurized  Reactor 


Function:  Reactor  for  MMU  production 

Speclfl cations: 

Type:  conical 
Capacity:  500  gal 
Agitation:  double  mechanical  seal 
Jacketed:  yes 

Material  of  construction:  304  stainless  steel 
Design  pressure:  300  psl 

Operating  Conditions: 

Operating  temperature:  250°F 
Operating  pressure:  130  pslg 

Utilities: 

Steam:  100  pslg  (800  lbs/hr) 

Electricity:  3 Kw 

Estimated  Cost: 

Purchased  cost:  $18,000 
Installed  cost:  21,000 
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Unit  Number  and  Name:  113  - Pump 
Function:  To  pump  MMA  to  make-up  tank 

Specifications : 

Type:  positive  displacement 
Capacity:  5 gpm 

Material  of  construction:  carbon  steel 

Operating  Conditions: 

Operating  temperature:  75 °F 
Operating  pressure:  50  psi 

Uti  1 1 ti  es : 

Electricity:  3 Kw 

Estimated  Cost: 

Purchased  cost:  $2,500 
Installed  cost:  3,500 
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Unit  Number  and  Name:  114  - Pressurized  Reactor 


Function:  Reactor  for  FWU  production 

Specifications: 

Type:  conical 
Capacity:  500  gal 
Agitation:  double  mechanical  seal 
Jacketed:  yes 

Material  of  construction:  304  stainless  steel 
Design  pressure:  300  psl 

Operating  Conditions: 

Operating  temperature:  250* P 
Operating  pressure:  130  psl 

Utilities: 

Steam:  30  psl 
Electricity:  3 Kw 

Estimated  Cost: 

Purchased  cost:  $18,000 
Installed  cost:  21,000 


Unit  Number  and  Name:  115  - Pump 

Function:  To  transfer  MMU  solution  to  hold  tank 

Specifications: 

> Type:  centrifugal 

Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250°F 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  tempera ture:  250°F 
Operating  pressure:  130  psl 

l 

1 Utilities: 

Electricity:  1.5  Kw 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 
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Unit  Number  and  Name:  116  - Hold  Tank 


Function:  To  serve  as  a feed  tank  for  stripper 

Specifications: 

Type:  conical 
Capacity:  500  gal 
Agitation:  yes 

Material  of  construction:  304  stainless  steel 

Operating  Condi  1 tons: 

Operating  temperature:  75°F 
Operating  pressure:  25  psl 

Uti 11  ties: 

Cooling  water:  50  gpm 
Electricity:  2.5  Kw 

Estimated  Cost: 

Purchased  cost:  $4,000 
Installed  cost:  6,000 
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Unit  Number  and  Name:  117  - Transfer  Pump 
Function:  Feed  to  stripper 

Speclfi cations: 

Type:  centrifugal  pump 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  100 °F 
Design  pressure:  150  psi 

Operating  Conditions: 

Operating  temperature:  75#F 
Operating  pressure:  25  psi 

Utilities: 

Electricity:  1.5  Kw 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 
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Unit  Number  and  Name:  118  - Stripping  Column 
Function:  To  remove  ammonia  and  MMA  from  WU  solution 

Speclfl cations: 

Type:  Bubble  cap  column 
Diameter:  1 ft 
Number  of  trays:  10 
Tray  spacing:  18  In. 

Height:  15  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  150°F 
Operating  pressure:  30  psl 

Utilities: 

Steam:  500  lb/hr  at  14.7  psl 

Estimated  Cost: 

Purchased  cost:  $6,000 
Installed  cost:  8,000 
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Unit  Number  and  Name:  119  - Condenser 
Function:  Condense  NHS  and  MMA 

Specifications: 

Type:  Fixed  tube  sheet 
Capacity:  50  ft 

Material  of  construction:  carbon  steel /stainless  steel 
Design  pressure:  30  pslg 

Utilities: 

Cooling  Water:  30  gpm 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  120  - Hold  Tank 


Function:  Reflux  hold  tank 

Specifications: 

Type:  vertical 
Capacity:  50  gal 
Agitation:  no 
Jacketed:  no 

Material  of  construction:  304  stainless  steel 
Cover:  yes 

Estimated  Cost: 

Purchased  cost:  $200 
Installed  cost:  300 
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Unit  Number  and  Name:  121  - Transfer  Pump 


Function:  Feed  MMA/NH3  distillation  column 

Specifications: 

Type:  centrifugal  pump 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  100 °F 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  150°F 
Operating  pressure:  25  psl 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 


Unit  Number  and  Name: 


122  - NH,/MMA  Fractionation  Column 


Function:  Separate  NHS  from  MMA  and  return  MMA  to  system 

Specifications: 

Type:  bubble  cap  column 
Diameter:  1 ft 
Tray  sparing:  1 ft 
Number  of  trays:  10 
Height:  18  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  25  - 65°C 
Operating  pressure:  30  psl 

Utilities: 

Steam:  200,000  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $6,000 
Installed  cost:  8,000 
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Specifications: 

Type:  fixed  tube  sheet 

Capacity:  50  ft2 

Material  of  construction:  carbon 


Operating  Conditions: 

Operating  temperature:  80“F 
Operating  Pressure:  150  psi 


Utilities: 

Cooling  Water:  80  gpm 


Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,000 
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Unit  Number  and  Name:  124  - Hold  Tank 


Function:  Reflux  hold  tank 

Specifications:  , 

Type:  vertical 
Capacity:  50  gal 

Material  of  construction:  304  stainless  steel 

Estimated  Cost: 

Purchased  cost:  $200 
Installed  cost:  300 
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Unit  Number  and  Name:  125  - Relfux  Pump 
Function:  Return  condensed  NHS  to  column 

Specifications: 

Type:  positive  displacement 
Capacity:  15  gph 

Material  of  construction:  304  stainless  steel 
Design  pressure:  500  psl 

Operating  Conditions: 

Operating  temperature:  70°F 
Operating  pressure:  200  pslg 

Utilities : 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $2,500 
Installed  cost:  3,500 
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Unit  Number  and  Name:  126  - Heater  Exchanger 
Function:  Boiler  heater,  NHj/MMA  column 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  50  ft2 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  250  psl 

Operating  Conditions: 

Operating  temperature:  708F 
Operating  pressure:  200  psl g 

Utilities: 

Steam:  200,000  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,000 
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Unit  Number  and  Name:  127  - Pump 
Function:  Transfer  recycle  MMA  to  reactor 

Specifications: 

Type:  positive  displacement 
Capacity:  5 gpm 

Material  of  construction:  304  stainless  steel 
Design  pressure:  150  psl 
Design  temperature:  250 °F 

Operating  Conditions: 

Operating  temperature:  76 “F 
Operating  pressure:  50  psl 

Utilities: 

Electricity:  1.5  Kw 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 
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Unit  Number  and  Name:  128  - Heat  Exchanger 


Function:  Cool  stripped  MMU  solution 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  50  ft? 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  150  °F 
Operating  pressure:  30  psl g 


Utilities: 

Cooling  water:  80  gpm 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name;  129  - Holding  Tank 
Function;  To  hold  MMU  solution  after  stripping 

Specifications: 

Type:  vesical 
Capacity:  150  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  75°F 
Operating  pressure:  15  psl 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  1,500 


Unit  Number  and  Name:  130  - Pump 

Function:  Transfer  MMU  solution  to  next  operation 

Sped  fl  cations: 

Type:  centrifugal /motor  pump 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperate:  70°F 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  76"F 
Operating  pressure:  15  psl 

Utilities: 

Electricity:  1.5  Kw 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  1,200 
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APPENDIX  A 

SECTION  II  - MMH  PRODUCTION 


1M1  PRODUCTION  SYSTEM 


I 

I 


r 


? 


I 


I 

f 

i 

i 

4 


■o 

<u 


(0  VI 

+j  o 

l/>  O 

c 


i O ( 

18! 


18: 

I O < 


BO  O I 
O O ' 

I o O O I 


I o o 


I o O O ' 


8 0 O i 

o o I 


go  I 
O ( 
O © I 


I Q o O < 

:§88l 


i^ON^c\Mj‘Cvjco^-voNooa\u‘>Mio^“fn<tNi/)inQ^fso<Minimroio| 

CNJ  CM  CM  r-4  CM  CM  00  rH  <M  •-»  VD  r-«  VD  *H  CO  0Q  r-*  ^ CO  00  I 

CSJ 


O 

o\ 


XJ 

o> 

iA 

£ in 

S3 

3 

O- 


-Q8888 


88P 


JOOlOO 

•*  A * # 

t£>  ^ f*  CM 


> 8 : 


>8: 

) in  < 


) O i 

18! 


>00000 

00888888000  OmOOuoOOOOcOO 

OOOOOOO^tOOO«#-®vO©CMr-HCslCVIfOlf>OCJCMipr-i 
H CM  r-1  r-H  CM  *— l CO  M r— I CM  1C  rtCSI 

CM 


S' 

— O I 

10  Ln  1 


> o 0 

> o 0, 

> © in 


h o o 10  n col 
CM  M3  I 


O 

O 

* 

8 

(£) 


JL 

o 

VI 

8 


CL 

a § 

3 Q- 

</) 

>>tJ 

Or  (D 
•r-  O.  01 
-M  Q.  Li. 

10  3 
a 00  u 

<0  T- 

O r—  4-> 

O l/> 

**©  a 
o m oj 
lt>  ac  o 


CL  f- 

’T3Um 

LL.  •r* 

^•55? 

O-r-  -r- 

O X 
£££ 


u 

O in 
+*  >> 
U CO 

■ c 

o 


u 

cncc 

* g* 

**-  u 

g 01 

j?cn 

o 


■5 

X 


t-  i. 


I £1 


o 

10  r-* 

4?^ 


<0  « 

6-5 

XXL 

s 


JC 

c 

<0 


& 

« 

10 


$> 

3 


c 

3 


J- 

5 
« 
u 

6 
<a 
> 


uft 

t. 

0 

i. 

0)  C 

■u 

0) 

n m 

«0 

M 

£-5 

s. 

•r 

0 

V) 

a. 

r— 

35  { 

|2 

■8 

5 

vi  ! 

9 UJ 

« 

l/) 

0 o u 


8. 


o.iuaa.1 


_ s a « a ui  u 

Q C 4*>  I>  CVtf  C > 

’f“T  _ ^ ^ *r—  (/>  !/>(/> 

s.  a+>+>  o au  Q.T3  q.  a.r-  -u  e -a  a> 

t. |#n*|is|i-|4>fociSDeO 


<0 

+-> 

O 


0^3  I 

fcT  .r~  <! 

Q)  U < 


% 


a:  a.  o- 


3 


nNMijiflarsBao'-'e'JfO^'iniONeooH 
o O O © O Q©3©»H'—if— li 
?M?MCMCMCMCM?M?MKicMCMCMCMCMCMCM<MCMCMI 


I <1  Csl  CO 
I CM  CM  CM  CM 
I CM  CM  CM  CM 


10  (**  00  » O »H  CM 

CM  CM  CM  CM  CO  CO  CO 

CM  CM  CM  CM  CM  CM  CM 


AH -11 


Unit  Number  and  Name:  201  - 50%  Caustic  Supply  Tank 


Function:  Hold  10  day  supply  of  50*  Caustic  (Based  upon  15%  make-up) 

Speclfi cations: 

Capacity:  150,000  gal 

Material  of  construction:  carbon  steel 

Operating  Conditions: 

Operating  temperature:  ambient 
Operating  Pressure:  none 

Estimated  Cost: 

Purchased  cost:  $16,000 
Installed  cost  26,000 


Unit  Number  and  Name:  202  - NaOCl,  Supply 


Function:  Hold  10  day  supply  of  NaOCl  (15%  Cl) 

Specifications: 

Capacity:  60,000  gal 

Material  of  construction:  fiber  re-enforced  polyester 

Estimated  Cost: 

Purchased  cost:  $16,000 
Installed  cost:  20,000 


Unit  Number  and  Name:  203  - Caustic  Feed  Pump 
Function:  Transfer  caustic  to  mix  tank 

Specifications: 

Type:  centrifugal 
Capacity:  15  gpm 

Material  of  construction:  carbon  steel 

Operating  Conditions: 

Operating  temperature:  ambient 

Utllltl es: 

Electricity:  2 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  204  - NaOCI  Feed  Pump 
Function:  Transfer  NaOCI  to  mix  tank 

Specifications: 

Type:  centrifugal 
Capacity:  15  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  ambient 

Utilities: 

Electricity:  2 Kw 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  4,000 
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Unit  Number  and  Name:  205  - Polishing  Filter 


Function:  Remove  any  suspended  particles 

Specifications: 

Type:  cartridge  type 
Capacity:  20  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  ambient 
Operating  pressure:  20  ps 1 

Estimated  Cost: 

Purchased  cost:  $ 600 
Installed  cost:  2,000 
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Unit  Number  and  Name:  206  - Mixing  Tank 


Function:  To  mix  NaOCl  with  NaOH  at  0“C 

Specifications: 

Type:  closed  tank 
Capacity:  500  gal 
Agitation:  yes 
Jacketed:  yes 

Material  of  construction:  glass-lined  steel 

Operating  Conditions: 

Operating  temperature:  Q8C 
Operating  pressure:  atmospheric 

Utilities: 

Refrigeration:  25  tons/hr  250,000  + Btu/hr 
Electricity:  40  Kw 

Estimated  Cost: 

Purchased  cost:  $18,000 
Installed  cost:  24,000 
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( Unit  Number  and  Name:  207  - Pump 

I Function:  To  pump  the  NaOCl/NaOH  In  unit  for  external  cooling  and  to  feed 

[ Into  next  unit 

Specifications: 

Type:  centrifugal 

Capacity:  100  gpm,  35  ft  head 

Material  of  construction:  glass-lined 

Operating  Conditions: 

Operating  temperature:  32°F 
Operating  pressure:  50  psl 

Utilities: 

Electricity:  30  Kw 

Estimated  Cost: 

Purchased  cost:  $ 8,000 
Installed  cost:  12,000 


Unit  Number  and  Name:  208  - Heat  Exchanger 

Function:  Cool  NaOH/NaOCI  to  0®C 

Specifications: 

Type: 

Capacity:  2,000  ft2 

Material  of  construction:  carbon  steel  and  titanium 

Operating  Conditions: 

Operating  temperature:  0°C 
Operating  pressure:  25  psi 

Utilities: 

Refrigeration:  50  tons/hr  (500,000  Btu/hr) 

Estimated  Cost: 

Purchased  cost:  $20,000 
Installed  cost:  28,000 


Unit  Number  and  Name:  209  - Chloramine  Reactor 


Function:  To  mix  MMU  with  NaOCl  and  NaOH  solution 

Speclfi cations: 

Type:  closed 
Capacity:  500  gal 
Agitation:  yes 
Jacketed:  yes 

Material  of  construction:  glass-lined  steel 

Operating  Conditions: 

Operating  temperature:  -10°  to  0®C 
Operating  pressure:  atmospheric 

Utilities: 

Refrigeration:  25  tons/hr 
Electricity:  45  Kw 

Estimated  Cost: 

Purchased  cost:  $18,000 
Installed  cost:  24,000 
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Unit  Number  and  Name:  210  - Refrigeration  System 


Function:  Cooling  for  mixing  NaOH/NaOCl  and  the  reaction  with  MMU 

Specifications: 

Capacity:  150  tons/hr 

Utilities: 

Cooling  water:  50  gpm 
Electricity:  100  hp 

Estimated  Cost: 

Purchased  cost:  $214,000 
Installed  cost:  286,000 
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Unit  Number  and  Name:  211  - Pump 

Function:  To  pump  the  solution  in  unit  209  for  external  cooling  and  to 
feed  next  reaction 

Specifications: 

Type:  centrifugal 
Capacity:  100  gpm,  35  ft  head 
Material  of  construction:  glass-lined 
Design  temperature:  -10°C 

Operating  Conditions: 

Operating  temperature:  -10°C 

Utilities: 

Electricity:  30  Kw 

Estimated  Cost: 

Purchased  cost:  $ 8,000 
Installed  cost:  12,000 


Unit  Number  end  Name:  212  - Heat  Exchanger 
Function:  To  cool  the  solution  In  reactor  to  -10*C 

Specifications: 

Type:  Fixed  tubesheet 
Capacity:  2,000  ft* 

Material  of  construction:  carbon  steel  and  titanium 

Operating  Conditions: 

Operating  temperature:  0°C 
Operating  pressure:  50  psl 

Utilities: 

Refrigeration:  50  tons/hr 

Estimated  Cost: 

Purchased  cost:  $20,000 
Installed  cost:  28,000 


Unit  Number  and  Name:  213  - Heat  Exchanger 

Function:  To  heat  chloramine  solution  to  908C  before  entering  reactor 

Specifications: 

Type:  fixed  tubesheet 
Capacity:  100  ft2 

Material  of  construction:  carbon  steel  and  titanium 

Operating  Conditions: 

Operating  temperature:  165°C/90°C 
Operating  pressure:  50  psl 

Utilities: 

Steam:  100  psl,  0.4  x 106  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $14,000 
Installed  cost:  19,000 


Unit  Number  and  Name:  214  - Reactor 
Function:  Reactor  for  bleach  reaction  at  90*C 

Specifications: 

Type:  closed 
Capacity:  k,000  gal 
Agitation:  yes 
Jacketed:  yes 

Material  of  construction:  glass-lined  steel 

Operating  Conditions: 

Operating  temperature:  90°C 
Operating  pressure:  atmospheric 

Utilities: 

Steam:  100,000  Btu/hr 
Electricity:  20  hp 

Estimated  Cost: 

Purchased  cost:  $39,000 
Installed  cost:  65,000 
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Unit  Number  and  Name:  215  - Pump 

Function:  To  pump  solution  from  unit  211  to  unit  213 

Specifications: 

Type:  centrifugal 

Capacity:  60  gpm,  30  ft  head 

Material  of  construction:  304  stainless  steel 

Design  temperature:  250  “F 

Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  1008C 

Utilities: 

Electricity:  5 hp 

Estimated  Cost: 

Purchased  cost:  $ 6,000 
Installed  cost:  12,000 
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Unit  Number  and  Name:  216  - Reactor 


Function:  For  bleach  reaction  at  high  temperature 

Specifications: 

Type:  closed 
Capacity:  2,000  gal 
Agitation:  yes 
Jacketed:  yes 

Material  of  construction:  glass-lined  steel 

Operating  Conditions: 

Operating  temperature:  100°C 
Operating  pressure:  atmospheric 

Utilities: 

Steam:  100,000  Btu/hr 
Electlrclty:  20  hp 

Estimated  Cost: 

Purchased  cost:  $39,000 
Installed  cost:  65,000 
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Unit  Number  and  Name:  217  - Pump 

Function:  Transfer  crude  MMH  product  to  hold  tank 

Sped  fl  cations: 

Type:  centrifugal 

Capacity:  60  gpm,  30  ft  head 

Material  of  construction:  304  stainless  steel 

Design  temperature:  1508C 

Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  100 °C 

Utilities: 

Electricity:  .5  hp 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  4,000 


Unit  Number  and  Name:  218  - Holding  Tank 


Function:  Feed  tank  for  evaporator 

Speclfl cations: 

Type:  closed  vertical 

Capacity:  500  gal 

Heating  Coll  - 200  ft  1 In.  tube 

Operating  Conditions: 

Operative  temperature:  100  C 

Estimated  Cost: 

Purchased  cost:  $1,500 
Installed  cost:  3,000 


Unit  Number  and  Name:  219  - Pump 
Function:  Feed  pump  for  evaporator 

Specifications: 

Type:  centrifugal 

Capacity:  60  gpm,  30  ft  head 

Material  of  constructions:  304  stainless  steel 

Design  temperature:  250°F 

Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  100 °C 

Utilities: 

Electricity:  5 hp 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  4,000 


Unit  Number  and  Name:  220  - 1st  Stage  Evaporator 
Function:  Evaporate  water  to  permit  salt  crystallization 

Specifications: 

Type:  falling  film 

Capacity:  feed  26,000  lbs/hr 

Material  of  construction:  304  stainless  steel 

Utilities: 

Steam:  10,000  lbs/hr 

Estimated  Cost: 

Purchased  cost:  $12,000 
Installed  cost:  17,000 
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Unit  Number  and  Name:  221  - Pump 


Function:  Transfer  from  evaporator  to  coollng/crystalllzatlon  tank 

Speclflcatl ons: 

Type:  positive  displacement 
Capacity:  40  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  100°C 
Oeratlng  pressure:  50  mm  Hg(a) 

Utilities: 

Electricity:  2 hp 

Estimated  Cost: 

Purchased  cost:  $3,500 
Installed  cost:  5,000 
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Unit  Number  and  Name:  222  - Cooler/Crystallizer 
Function:  Cool  and  permit  NaCl  to  crystallize 
Specifications: 

Type:  vertical,  conical  bottom 
Capacity:  1 hr  hold-up,  20,000  lbs 
Agitation:  slow  speed 

Material  of  construction:  304  stainless  steel 

Operating  Condtions: 

Operating  temperature:  100°C 
Operating  pressure:  50  wn  Hg(a) 

Utl 11  ties: 

Cooling  water:  30  gpm 
Electricity:  2 hp 

Estimated  Cost: 

Purchased  cost:  $25,000 
Installed  cost:  35,000 


Unit  Number  and  Name:  223  - Continuous  Discharge  Centrifuge 


Function:  Separate  salt  cake 

Speclfl cations: 

Type:  horizontal  basket 

Capacity:  2,500  gal/hr  3,000  lbs  salt/hr 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  25 ®C 
Operating  pressure:  ambient 

Utilities: 

Electricity:  40  hp 

Estimated  Cost: 

Purchased  cost:  $63,000 
Installed  cost:  80,000 
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UnU  Number  end  Name:  224  - Transfer  Pump 


Function:  Transfer  filtrate  from  centrifuge  to  second  evaporator  stage 

Specifications: 

Type:  centrifugal 

Capacity:  40  gpm  30  ft  head 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  258C 
Operating  pressure:  arfiblent 

Utilities: 

Electricity:  2 hp 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  4,000 


Unit  Number  and  Name:  225  - 2nd  Stage  Evaporator 


Function:  Evaporate  water  to  permit  salt  crystallization 

Specifications: 

Type:  falling  film 

Capacity:  feed  26,000  lbs/hr 

Material  of  construction:  304  stainless  steel 

Utilities: 

Steam:  10,000  lbs/hr 

Estimated  Cost: 

Purchased  cost:  $12,000 
Installed  cost:  17,000 
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Unit  Number  end  Name:  226  - Condenser 

Function:  Condense  vapor  from  second  stage  evaporator 

Specifications: 

Capacity:  500  ft2 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  100°C 

Utilities: 

Cooling  water:  150  gpm 

Estimated  Cost: 

Purchased  cost:  $26,800 
Installed  cost:  40,000 
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Unit  Number  and  Name:  227  - Receiver  Tank 

Function:  Hold  crude  MW/water 

Specifications: 

Capacity:  500  gal 

Material  of  construction:  304  stainless  steel 

Estimated  Cost: 

Purchased  cost:  $1,G00 
Installed  cost:  2,000 
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Unit  Number  and  Name:  228  - Pump 


Function:  Pump  crude  MMH/water  out  of  vacuum  receiver 

Speclfl cations: 

Type:  Positive  displacement 
Capacity:  40  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  ambient 

Utilities: 

Electricity:  3 hp 

Estimated  Cost: 

Purchased  cost:  $3,500 
Installed  cost:  5,000 
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Unit  Number  and  Name:  229  - Pump 


Function:  Transfer  from  evaporator  to  cooling/ crystallization  tank 

Speclfi cations: 

Type:  positive  displacement 
Capacity:  40  gpm 
Agitation:  40  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  pressure:  50  mm  Hg(a) 

Utilities: 

Electricity:  2 hp 

Estimated  Cost: 

Purchased  cost:  $3,500 
Installed  cost:  5,000 
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Unit  Number  and  Name:  230  - Cooler  Crystallizer 
Function:  Cool  and  permit  NaCl  to  crystallize 

Specifications: 

Type:  vertical,  bottom 
Capacity:  1 hr  hold-up,  20,000  lbs 
Agitation:  slow  speed 

Material  of  constructions:  304  stainless  steel 

Operating  Conditions: 

Operating  pressure:  50  mm  Hg(a) 

Utllltl es: 

Cooling  water:  30  gpm 
Electricity:  2 hp 

Estimated  Cost: 


Purchased  cost:  $25,000 
Installed  cost:  35,000 


Unit  Number  and  Name:  231  - Centrifuge 
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Function:  Separate  salt  cake 

Specifications: 

Type:  Horizontal  basket 

Capacity:  2,500  gal /hr  3,000  lbs  salt/hr 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  25°C 
Operating  pressure:  ambient 

Utilities: 

Electricity 

Estimated  Cost: 

Purchased  cost:  $63,000 
Installed  cost:  80,000 


Unit  Number  and  Name:  232  - Transfer  Pump 


Function:  Transfer  filtrate  from  second  evaporator  to  first  evaporator 

Speclfl cations: 

Type:  centrifugal 

Capacity:  40  gpm,  30  ft  head 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  25°C 
Operating  pressure:  ambient 

Utilities: 

Electricity:  2 hp 

Estimated  Cost: 

Purchased  cost:  $3,500 
Installed  cost:  5,000 
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APPENDIX  A 

SECTION  III  - MW  PURIFICATION 
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o>-‘C'jr2^tnvar'-.qg®o*-'OJrn^'LnYBt''OOoip;-<£4!r>:?;u};pf'';opaipri 

OQoQ90Q0w6|H'Hr(rlrtHrtr,HHw(',yyNy™^!i™22 

MrtftRnfliSiMnrtnwnwnpmnpiMnmmMwnminrtinnM 


AIII-11 


MW  PURIFICATIONS  SYSTEM  (Continued) 


Unit  Number  and  Name:  300  - Holding  Tank 


Function:  To  hold  MMH  solution  In  vapor  phase  before  feeding  Into 
azeotropic  distillation  colimn 

Specifications: 

Capacity:  1000  gal 

Material  of  Construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  95#C 
Operating  pressure:  710  mmHg 

Estimated  Cost: 

Purchased  cost:  $2,700 
Installed  cost:  3,700 
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Unit  Number  and  Name:  301  - Azeotropic  Distillation  Column 


Function:  1.  Remove  compounds  lighter  than  MMH  In  the  crude  MMH  stream 
2.  Reduce  water  concentration  In  the  crude  to  approach  the 
MM1  - H20  azeotrope 


Specifications : 

Diameter:  5.0  ft 

Number  and  type  of  trays:  30,  bubble  cap 
Tray  spacing:  18  In. 

Height:  50  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  95®C 
Operating  pressure:  560  mrHg 
Pressure  drop:  200  mnHg 
Reflux  ratio  (L/D) : 0.5  . 

Estimated  Cost: 

Purchased  cost:  $54,000 
Installed  cost:  68,000 
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Unit  Number  and  Name:  302  - Condenser 


Function:  Overhead  condenser  for  azeotropic  distillation  column 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  100  ft2 

Material  of  construction:  carbon  steel  and  304  stainless  steel 
Design  Pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  95 8C 
Operating  pressure:  560  mmHg 

Utilities: 

Cooling  water 

Estimated  Cost: 

Purchased  cost:  $ 6,300 
Installed  cost:  10,000 
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Unit  Number  and  Name:  303  - Hold  Tank 


Function:  For  overhead  condenser  of  azeotropic  distillation  column 

Specifications : 

Capacity:  150  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  95* C 
Operating  pressure:  560  mmHg 

Estimated  Cost: 

Purchased  cost:  $3,000 
Installed  cost:  5,000 
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Unit  Number  and  Name:  304  - Refux  Pump  for  Azeotrope  Column 


Function:  Return  reflux  to  azeotropic  distillation  column 

Specflcatlons: 

Type:  centrifugal 
Capacity:  35  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperatures:  250°F 
Desigh  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  95#C 
Operating  pressure:  560  mmHg 

Utilities: 

Electricity  8 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  305  - Reboller,  Azeotropic  Distillation 
Function:  Meat  Input 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  200  ft2 

Material  of  construction:  carbon  steel  and  304  stainless  steel 
Design  Pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  95aC 
Operating  pressure:  560  mmHg 

Utilities: 

Steam:  9000  lbs/hrs 

Estimated  Cost: 

Purchased  cost:  $10,000 
Installed  cost:  14,000 
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Unit  Number  and  Name:  306  - Feed  pump,  Extractive  Distillation  Column 

Function:  Feed  bottom  stream  from  azeotropic  distillation  column  Into 
extractive  distillation  column 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  stainless  steel 
Design  temperature:  250°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  95 °C 
Operating  pressure:  ambient 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $ 800 
Installed  cost:  1,600 
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Unit  Number  and  Name:  307  - Heat  Exchanger 

Function:  To  superheat  the  overhead  product  of  azeotropic  distillation 
column 

Specifications: 

Type:  Fixed  tube  sheet 
Capacity:  100  ft2 

Material  of  construction:  carbon  steel  and  304  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  105°C 
Operating  pressure:  lOOpsI 

Utilities: 

Steam:  1200  lbs/hr  at  150  psi 

Estimated  Cost: 

Purchased  cost:  $ 6,300 
Installed  cost:  10,000 
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Unit  Number  and  Name:  308  - Flash  Drum 
Function:  For  light  ends  removal 

Specifications: 

Type:  Horizontal 

Capacity:  1000  gal,  closed 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  105 °C 
Operating  pressure:  950  mmHg 

Estimated  Cost: 


Purchased  cost:  $10,000 
Installed  cost:  14,000 


Unit  Number  and  Name:  309  - Single  - Stage  Flash  with  Rectification  Column 


Function:  Remove  compounds  that  boll  under  100°C  from  water  stream 
Speclfl cations: 

Type:  Drum  with  packed  column 
Diameter:  2 ft 

Number  and  type  of  trays:  10  ft  packed 
Material  of  construction:  304  stainless  steel 

Operati ng  Condi ti ons : 

Operating  temperature:  100°C 
Operating  pressure:  750  nmHg 
Reflux  ratio  (L/D):  3 

Estimated  Cost: 

■,  Purchased  cost:  $12,000 
Installed  cost:  20,000 
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Unit  Number  and  Name:  310  - Pump 

Function:  To  pump  stripped  water  from  flash  drum  for  reuse 

Specifications: 

Type:  centrifugal 
Capacl  ty : 30  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  240°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100°C 
Operating  pressure:  14.7  psl 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  311  - Condenser 


Function:  Light  ends  condenser 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  50  ft2 

Material  of  construction:  carbon  steel  and  304  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  65®C 
Operating  pressure:  810  mnflg 


Uti 1 i ti es : 

Cooling  water:  50  gpm 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  312  - Hold  tank 
Function:  Light  ends  Hold  tank 

Specifications: 

Capacity:  50  gal,  closed 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  105°C 
Operating  pressure:  898  nmHg 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,500 


Unit  Number  and  Name:  313  - Relfux  Pump,  Lltes  Removal 


Function:  To  pump  relfux  stream  back  to  rectification  column 


Specifications: 

Type:  centrifugal 
Capacity:  5 gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  350°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  65°C 
Operating  pressure:  atmospheric 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $ 500 
Installed  cost:  1,000 
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Unit  Number  and  Name:  314  - Extractive  Distillation  Column 
Function:  Extractive  fractionation  MMH  and  water  with  sodium  hydroxide 

Speclfi  cations: 

Type:  plate  column 
Diameter:  1 ft 

Number  and  type  of  trays:  20  bubble  cap 
Tray  spacing:  18  In 
Height:  33  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  94°C 
Operating  pressure:  704  mmHg 
Pressure  drop:  138  mmHg 
Reflux  ratio  (L/D):  4 

Estimated  Cost: 

Purchased  cost:  $10,000 
Installed  cost:  14,000 


Unit  Number  and  Name:  315  - Condenser 

Function:  To  condense  the  overhead  vapor  of  the  extractive  distillation 
column 

Speclfl cations: 

Type:  fixed  tube  sheet 
Capacl ty : 50  ft2 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  94 °C 

Utl 11  ties: 

Cooling  water:  100  gpm  (1.4  x IQ5  Btu/hr) 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  316  - Decanter 


Function:  For  overhead  condenser  of  extractive  distillation  column 

Specifications: 

Capacity:  50  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  100#C 
Operating  pressure:  652  irmHg 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,500 


Unit  Number  and  Name:  317  - Overhead  Reflux  Pump  of  Extractive  Column 


Function:  To  pump  reflux  stream  back  to  extractive  column 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  stainless  steel 

Operating  Conditions: 

Operating  temperature:  200°F 

Utilities: 

Electricity:  2 Kw 

Estimated  Cost: 

Purchased  cost:  $ 800 
Installed  cost:  1,600 
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Unit  Number  and  Name:  318  - Reboiler 


Function:  Reboller  of  MMH  extractive  column 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  10  ft1 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  120 “C 
Operating  pressure:  704  mmHg 

Utilities: 

Steam:  100  psi,  386  x 10s  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  319  - PumD  for  Caustic  Evaoorator  Feed 


Unit  Number  and  Name:  320  - Caustic  Evaporator 


Function:  Concentrate  sodium  hydroxide  to  50X  by  weight  for  recirculation 
to  extraction  column 

Sped  fl  cations: 

Type:  vertical  tubes 
Capacity:  100  ft2 

Material  of  construction:  316  stainless  steel 


Operating  Conditions: 

Operating  temperature:  120°C 
Operating  pressure:  760  irmHg 

Utilities: 

Steam:  100  psi,  300  lbs/hr 

Estimated  Cost: 

Purchased  cost:  $20,000 
Installed  cost:  35,000 
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Unit  Number  and  Name:  321  - Pump 


Function:  To  recycle  50*  caustic  to  extractive  column 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  125°C 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100°C 

Utilities: 

Electricltiy:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $ 800 
Installed  cost:  1,600 
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Unit  Number  and  Name:  322  - N^.,  Azeotropic  Column 


Function:  To  concentrate  N2H1,  and  MMH  close  to  their  azeotropic  compositions 

Specifications: 

Type:  vertical  plate  column 
Diameter:  1 ft 

Number  and  type  of  trays:  20  bubble  cap 
Tray  spacing:  18  In 
Height:  33  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  94°C 
Operating  pressure:  700  mmHg 
Pressure  drop:  138  irwnHg 
Reflux  ratio  (R/D):  .5 

Estimated  Cost: 

Purchased  cost:  $ 8,000 
Installed  cost:  12,000 
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Unit  Number  and  Name:  323  - Condenser 


Function:  To  condense  overhead  of  N2H4  azeotropic  column 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  10  ft 

Material  of  constructln:  carbon  steeel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  948C 
Operating  pressure:  14.7  psl 
Cooling  required:  1.47  x 10s  Btu/hr 

Utilities: 

Cooling  water:  50  gpm 


Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  324  - Decanter 


Function:  For  overhead  of  N2H4  Azeotropic  column 

Specifications: 

Capacr  ty:  35  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  118°C 
Operating  pressure:  14.7  pslg 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,000 
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Unit  Number  end  Name:  325  - Pump 


Function:  To  pump  recycle  stream  to  NjH*  azeotrope  colurm 

Specifications: 

Tyne:  centrifugal 
Capacity:  5 gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature : 250*F 

Operating  Conditions: 

Operating  temperature:  240°F 

Utl 1 1 ties : 

Electricity:  1 hp 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  326  - Pump 


Function:  To  pump  water  to  storage  tank 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250“F 
Design  pressure:  50  ft  head 

Operating  Condi  tons: 

Operating  temperature:  1008C 

Utilities: 

Electricity:  1 hp 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


AIII-27 


Unit  Number  and  Name:  327  - Pump 

Function:  To  pump  the  bottom  stream  of  N2Hh  Azeotropic  col 

Specifications : 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  stainless  steel 
Design  temperature:  250*F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100“C 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  328  - Reboiler 


Function:  Reboller  of  N2H4  azeotropic  column 

Specifications: 

Type:  fixed  tube  sheet 
'"apacity:  10  ft2 

Material  of  construction:  carbon  steeel  and  stainless  steel 

Operating  Conditions: 

Operating  temperature:  94 °C 
Operating  pressure:  700  nwHg 

Utilities: 

Steam:  250  lbs /hr 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  329  - NjHt,  Extractive  Column 
Function:  Fractionate  methyl  hydrazine  and  hydrazine  from  water 

Specifications: 

Type:  plate  column 
Diameter:  1 ft 

Number  and  type  of  trays:  20  bubble  cap 
Tray  spacing:  18  In 
Height:  33  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  94°C 
Operating  pressure:  700  rnrHg 
Pressure  drop:  138  mmHg 
Reflux  ratio  (R/D):  1.0 

Estimated  Cost: 

Purchased  cost:  $ 8,000 
Installed  cost:  12,000 


Unit  Number  and  Name:  330  • Reboiler 

Function:  To  reboll  bottom  stream  of  N2Hi,  extractive  column 

Specifications: 

Type:  Fixed  tube  sheet 

Capacity:  10  ft2 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  120*C 
Operating  pressure:  700  mrtlg 

Utilities: 

Steam:  18,000  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  331  - Pump 

Function:  To  pump  make-up  caustic  to  extractive  column 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100°C 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  332  - Condenser 


Function:  Condenser,  Extractive  Distillation  Column 

Specifications: 

Type:  fixed  tube  sheet 
Capacity:  10  ft' 

Material  of  construction:  carbon  steel  and  stainless  steel 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  94 °C 
Operating  pressure:  760  mmHg 

Utilities: 

Cooling  water:  20  gpm 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


Unit  Number  and  Name:  333  - Decanter 

Function:  To  hold  the  overhead  of  the  N2H4  extractive  column 

Specifications: 

Capacity:  35  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  918C 
Operating  pressure:  88  mmHg 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,000 
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Unit  Number  and  Name:  334  - Reflux  Pump  of  N2Hi,  Extractive  Column 


Function:  To  pump  reflux  stream  back  to  N2H4  extractive  column 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  250 °F 
Operating  pressure:  50  ft  head 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 


All 1-35 


Unit  Number  and  Name:  335  - N2H4  and  MW  Refining  Column 


Function:  Fractionate  methyl  hydrazine  and  hydrazine 

Specifications: 

Type:  plate  column 
Diameter:  1 ft 

Number  and  type  of  trays:  20  bubble  cap 
Tray  spacing:  18  in 
Height:  33  ft 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  94°C 
Operating  pressure:  700  mmHg 
Pressure  drop:  138  mmHg 

Estimated  Cost: 

Purchased  cost:  $ 8,000 
Installed  cost:  14,000 
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Unit  Number  and  Name:  336  - Pump 


Function:  To  pump  N2Hi,  to  storage  tank 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100*0 


Utl  1 1 tl  es : 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  337  - Rebo11er 
Function:  Reboller  of  N2H(*  refining  column 

Sped  fl  cations: 

Type:  fixed  tube  sheet 
Capacity:  10  ft2 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250 °F 
Design  pressure:  150  psl 

Operating  Conditions: 

Operating  temperature:  100°C 

Utilities: 

Steam:  25,000  Btu/hr 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  338  - Condenser 
Function:  Condenser,  MWi/Hydrazine  Column 

Sped  fi  cations: 

Type:  fixed  tube  sheet 
Capacity:  20  ft* 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250°F 

Operating  Conditions: 

Operating  temperature:  100 °C 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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Unit  Number  and  Name:  339  - Decanter 


Function:  To  hold  the  overhead  of  MW  refining  column 

Specifications: 

Capacity:  35  gal 

Material  of  construction:  304  stainless  steel 

Operating  Conditions: 

Operating  temperature:  100°C 

Estimated  Cost: 

Purchased  cost:  $2,000 
Installed  cost:  3,000 
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Unit  Number  and  Name:  340  - Pump 


Function:  To  pump  MW1  to  storage  tank 

Specifications: 

Type:  centrifugal 
Capacity:  10  gpm 

Material  of  construction:  304  stainless  steel 
Design  temperature:  250°F 
Design  pressure:  50  ft  head 

Operating  Conditions: 

Operating  temperature:  100 °C 
Operating  pressure:  14.7  psl 

Utilities: 

Electricity:  1 Kw 

Estimated  Cost: 

Purchased  cost:  $1,000 
Installed  cost:  2,000 
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APPENDIX  B 


Analytical  Procedures 

MMH,  UDW,  and  Hz  by  Solvent 
Extraction  and  Capillary  GC 
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THE  ANALYSIS  OF  HYDRAZINE,  MONOMETHY LH Y DRAZ I NE , AND 
UNSYMMETRICAL  DIMETHYLHYDRAZINE  USING  GC  TECHNIQUES 


SUMMARY 


The  analysis  of  monomethyl  hydrazine  (f<WH),  hydrazine  (Hz),  and 
asymmetrical  dimethyl  hydrazine  < UDMH)  by  gas  chromatographic  (gc)  procedures 
has  been  refined  so  that  these  materials  can  be  assayed  by  a single  analysis 
without  organic  solvent  extractions,  If  quick  sample  turn  around  is  desired. 

In  this  procedure,  the  hydrazine  compound  reacts  with  acetone  to  form  a 
hydrazone  derivative.  Excess  acetone  does  not  Interfere  with  the  analysis. 
Acetone  Is  miscible  with  the  reaction  mixture;  It  is  also  reactive  over  a 
wide  dH  rang?  making  solution  pH  control  during  the  derlvatizatlon  step,  as 
In  the  case  of  2,  4-pentanedione,  unnecessary.  The  derlvatizatlon  and  re- 
covery of  MMH,  UDMH,  and  Hz  Is  quantitative  and  linear  from  trace  levels  to 
mg/ml  concentrations.  Once  the  derivative  Is  formed,  especially  If  extracted, 
it  is  stable  up  to  30  days.  GC  analysis  using  a 60  m OV  - 101  glass  copll- 
lary  column  and  temperature  programming  from  105°C  to  195°C  provides  good 
resolution  of  all  the  components  and  Internal  standards.  A sample  chroma- 
togram Is  shown  In  Figure  1.  The  gc  analysis  time  for  all  components  Is 
12  minutes,  the  last  peak  being  a standard.  The  use  of  the  organic  extraction 
step  in  the  analysis  procedure  prolongs  the  column  life  and  eliminates  the 
need  for  cleaning  the  Injection  port.  Over  300  gc  analyses  using  the  organic 
extraction  procedures  and  the  autosampler  have  been  made  without  any  machine 
maintenance. 
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Fig.  I INSTRUMENT  CONFIGURATION  FOR  USE  WITH 
GLASS  CAPILLARY  COLUMN 
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INTRODUCTION 


The  quantitative  analysis  of  hydrazine  (Hz),  and  Its  methyl  derivatives 
by  gas  chromatographic  (gc)  procedures  have  been  previously  reported  by  Dee 
and  Webb  (1),  by  Dee  (2),  and  by  other  workers  (3,4,5).  While  the  procedures 
proposed  by  Dee  offered  Improvements  over  previous  analytical  techniques  in 
reducing  the  effect  of  interfering  materials  and  decreasing  analysis  time, 
the  procedure  advanced  was  not  without  drawbacks. 

The  direct  analysis  procedure  outlined  by  Dee  and  Webb  did  not  provide 
sufficient  sensitivity  for  many  analytical  problems,  and  column  lifetimes 
were  very  short.  In  addition,  sample  stability  prior  to  analysis  and  in  the 
gc  injection  port  was  a problem.  The  use  of  2,4-pentanedione  advanced  by 
Dee  (2),  to  form  pyrazole  derivatives  of  Hz  and  monomethyl  hydrazine  prior  to 
gc  analysis  improved  the  sentlvity  (3),  reduced  many  of  the  interfering 
materials,  and  decreased  problems  of  sample  stability  in  the  gc.  But  this 
analytical  procedure  could  not  be  used  to  analyze  two  important  methyl  deri- 
vatives: symmetrical  and  unsymmetrlcal  dimethyl  hydrazine  (SDMH  and  UDMH). 
Furthermore,  the  sensitivity  and  recovery  were  dependent  on  reaction  conditions 
such  as  pH  and  reaction  time,  while  column  lifetimes  were  reduced  because  re- 
action mixtures  were  directly  injected  into  the  gc  column. 

The  analysis  procedure  outlined  here  is  basically  a modification  of  Dee's 
procedure  (2)  in  which  the  derlvatlzing  reagent  is  changed,  the  derivative  is 
extracted  with  organic  solvents,  and  glass  capillary  columns  are  used  for  the 
chromatography.  A variety  of  reagents,  including  benzaldehyde,  cyclohexanone, 
and  acetone,  were  studied.  Several  extraction  solvents  - hexane,  benzene, 
pentane,  CHC1 3 , and  CK2C 1 2 - were  tried;  and  a variety  of  columns  and  column 
conditions  were  used.  The  analysis  procedure  outlined  in  this  report  was 
found  to  be  the  most  satisfactory  combination  of  conditions  and  reagents  for 
the  analysis  of  Hz,  MMH,  and  UDMH.  The  analysis  of  SMDH  was  not  possible  by 
derivation  and  must  be  determined  independently. 


EXPERIMENTAL 


Instrumentation . A Hewlett  Packard  5840  series  gc  equipped  with  both 
FID  and  N-P  dectectors  and  modified  for  capillary  columns  was  used  to  per- 
form the  analysis.  Each  detector  has  independent  gas  feeds  and  can  be  cali- 
brated and  operated  independently  from  the  gc  console. 

The  FID  was  used  for  all  analysis  presented  in  the  report  unless  other- 
wise Indicated.  The  carrier  gas  was  helium.  Nitrogen  was  used  for  the  make- 
up gas.  A Hewlett  Packard  model  18824A  auto  injection  system  was  used  to 
perform  all  routine  analyses. 

The  instrument  modifications  made  to  adapt  the  system  for  use  with  glass 
capillary  (WCOT)  columns  are  shown  in  Figure  1 and  2.  The  general  instrument 
configuration  is  given  in  Figured.  All  seals  between  the  column  and  injec- 
tion liner  are  made  with  graphite  ferrules.  The  split  adjust  configuration 
allows  one  fine  metering  valve  to  be  used  to  balance  the  column  at  a low 
split  ratio.  The  second  valve  (routed  in  parallell  through  an  on/off  valve) 
can  be  set  to  produce  a second  higher  split  ratio  with  the  same  column  flow. 
The  columr  flow  and  split  ratios  are  dependent  on  column  head  pressure,  so 
with  a single-stage  regulator  and  the  splitter  metering  valves,  the  proper 
column  flow  and  split  can  be  achieved.  The  column  flow  was  routed  through  the 
instrument's  flow  sensor,  but  the  flow  controller  was  bypassed.  The  makeup 
gas  was  plumbed  through  both  the  flow  sensor  and  flow  controller.  This  con- 
figuration allows  both  critical  flows,  the  makeup  gas  and  the  splitter  flow, 
to  be  monitored  continuously  at  the  console.  The  total  carrier  flow  is  the 
sum  of  the  splitter  flow  in  the  0.5  to  1.5  ml/min  range.  The  flow  sensor 
reading  can  be  used  to  measure  the  splitter  flow,  which  is  at  least  a factor 
of  10  higher.  This  system  also  allows  the  instrument  to  be  leak-tested,  i.e., 
if  the  measured  column  flow  and  splitter  flow  do  not  equal  the  flow  reading, 
the  system  has  a leak.  The  splitter  body  shown  in  Figure  2 was  obtained  from 
J.  & W.  Scientific  (Orangevale,  Cal.  95662)  and  is  based  on  the  design  reported 
by  Jennings  et  al.  (6).  The  splitter  uses  a % in.  O.D.  glass  liner.  The  I.D. 
of  the  liner  nad  the  liner  packing  used  is  dependent  on  the  total  splitter 
flow.  For  split  ratios  of  less  than  15:1  a 2-mm  I.D.  liner  packed  with  coated 
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Heated  On  Column  1/4" 
Inject  Port 


glass  beads  is  used.  For  higher  split  ratios  a 4-mm  liner  packed  with  glass 
wool  is  used.  The  liners  have  a restriction  at  the  point  where  the  capillary 
column  Is  placed  to  insure  proper  sample  loading  on  the  column.  These  liners 
can  be  obtained  from  A.  A.  Pesce  Company. 

The  glass  capillary  columns  were  obtained  from  J.  & W.  Scientific 
(Orangevale,  Cal.  95662).  The  reported  analysis  was  performed  on  a 60-m 
0V-101  column  (J.  & W.  number  GlOO-OV-lOl,  cost  $275.00).  Analysis  of  the 
Hz  and  MMH  acetone  derivatives  were  also  performed  on  a 18-m  CW20M  column 
obtained  from  the  same  source,  but  the  UDMH  derivative  could  not  be  resolved 
from  the  solvent  peak. 

Reagents.  All  solvents  used  were  Burdick  and  Jackson  high-purity  solvents. 
The  acetone  was  Baker  reagent  grade.  The  hydrocarbon  standards  were  obtained 
from  Poly  Science  Corporation  (Kit  No.  21A).  The  MMH  and  UDMH  were  obtained 
from  Aldrich  Chemical  Company  and  the  Hz  from  Baker  Chemical  Company. 

Derivatization  and  Extraction  Procedures.  The  hydrazone  standards  were 
prepared  by  reacting  a known  amount  of  each  hydrazine  (UDMH,  MMH,  and  Hz) 
with  a fivefold  excess  of  acetone  in  methylene  chloride.  Completeness  of 
reaction  was  checked  at  three  concentration  levels  (100  ug/ml , 1000  yg/ml , 
and  10,000  yg/ml).  Each  solution  was  monitored  by  gc  at  15,  30,  60,  and  120 
min  and  4,  24,  and  48  hr  to  determine  completeness  of  reaction.  The  reaction 
product  are  stable  for  the  0.1  and  1.0  mg/ml  concentrations  at  15  min  and 
for  the  10  mg/ml  concentration  at  30  min.  The  area  response  for  each  hydra- 
zine compound  was  based  on  the  area  response  of  the  resulting  hydrazone 
product  from  reaction.  Extraction  standards  we''e  prepared  by  adding  known 
amounts  of  each  hydrazine  (UDMN,  MMH,  and  Hz)  to  distilled  water  to  simulate 
a reaction  mixture.  A threefold  excess  of  acetone  was  added  and  the  mixture 
was  shaken  on  a wrist  arm  shaker  for  15  min  (30  min  for  concentration  over 
5.0  mg/ml).  These  samples  were  either  assayed  directly  or  extracted. 

The  extractions  were  performed  following  adjustment  of  the  reaction  so- 
lution to  pH  9.0.  A known  amount  of  the  reaction  mixture  (5  ml)  was  quanti- 
tatively transferred  to  a screw  cap  vial  and  twice  this  volume  of  CH2CI2  was 


B-6 


, added.  The  desired  amount  of  Internal  standards  was  also  added  (octane  and 

nonane  for  FID)  and  the  mixture  was  shaken  for  15  min.  The  organic  layer  was 
removed  and  the  extraction  repeated  a second  time  without  the  addition  of  the 
( ’ standards.  The  extracts  were  combined  and  assayed  on  the  gc.  If  the  N-P 

detector  was  used,  benzene  or  hexane  were  the  extraction  solvents  and  nico- 
tine or  pyrazol  were  the  internal  standards.  The  reaction  mixtures  were 
derivatized  and  extracted  as  described  above,  except  water  was  addH  to  make 
the  acetone  miscible  when  the  mixture  contained  a very  high  salt  .'ntent. 

For  samples  where  the  concentration  levels  of  the  products  were  not  known  1 ml 
of  acetone  was  added  to  every  | ml  of  sample.  This  was  extracted  twice  using 
an  amount  of  solvent  double  the  total  volume  of  sample  plus  acetone. 

Gas  Chromatographic  Analysis.  The  gc  analysis  conditions  for  use  with 
the  60-m  0V-101  column  were  as  follows: 


Maximum 

Setting 

Reading 

Temp  1 

240 

105** 

105 

Time 

0.50 

Rate 

5.00 

Temp  2 

240* 

195 

Time  2 

10.00 

INJ  Temp 

350* 

250 

250 

FID  Temp 

400* 

300 

300 

AUX  Temp 

350* 

300 

300 

CHT  SPD 

0.50 

ZERO 

10.0 

ATTN  2 

7 

FID  SGNL 

+B 

SIP  SENS 

1.00 

Area  REJ 

100 

Flow  A 

30.00 

30.0 

(make-up 

Flow  B 

38.1 

38.9 

(Injector 

Time  Function 

Value 

3.00  Rate 

25.00 

8.00  Attn  2 

4 ■ 

12.00  Stop 


* Temperature  Limits 

:■  **  Temperature  Set  Paints 

? * 


(The  i drogen  flow  was  40  ml/mln  and  the  air  flow  was  240  ml/mln). 

The  5840A  Is  processor-controlled  and  all  major  functions  cna  be  time- 
programmed.  Therefore,  the  slope  sensitivity  (SLP  SENS)  and  temperature 
programming  rates  were  adjusted  periodically  to  produce  the  best  resolution 
and  the  most  reproducible  Integration  for  each  sample  series. 

The  quantitative  analysis  of  the  components  was  accompliched  using  the 
5840  integrator.  Two  Internal  standards  (ISTDS),  normally  Octane  (Cn-8) 
and  nonane  (Cn-9),  were  used  at  all  times.  Slope  sensitivities  that  yielded 
the  most  reproducible  peak  Integrations  were  set  using  standard  mixtures  of 
all  components.  The  relative  area  response  factors  for  the  hydrazone  deri- 
vatives and  the  IDTDS  were  periodically  recalculated  and  checked  each  day 
with  the  standard  mixtures. 

The  primary  quantitation  was  accomplished  using  the  Cn-8  standard. 
Measurements  of  the  Cn-9  standard  provided  a check  on  the  standards  and  the 
analysis.  The  response  of  the  standards  and  the  sample  extracts  were  found 
to  be  stable  for  up  to  30  days  without  special  handling  and  longer  if  kept 
cool  and  out  of  light. 

RESULTS 

Extraction  Procedure.  Chromatograms  of  standard  mixtures  and  extracts 
of  aqueous  reaction  standards  of  the  UDMI,  MMH,  and  Hz  derivatives  and  the 
Cn-8  and  Cn-9  internal  standards  are  given  in  Figures  3A  and  3B,  while  Figure 
4 shows  a chromatogram  of  a typical  reaction  sample.  The  column  and  analysis 
conditions  used  produced  a Neff  = 32,000  at  a partition  ratio  (k)  = 2.3  for 
the  Hz  derivative  and  Neff  = 18,000  (k)  *2.5  for  the  Cn-8  standards.  By 
optimizing  analysis  conditions,  these  can  be  increased  by  a factor  of  three. 
All  peaks  are  symmetrical  when  the  system  Is  operating  properly.  Some  tailing 
will  occur  following  extensive  use  because  of  residue  building  up  in  the 
injection  port  liner.  When  tailing  is  observed,  the  liner  should  be  cleaned. 
Seme  tailing  is  also  found  if  the  glass  column  ends  that  are  straightened 
during  mounting  are  not  deactivated  with  a 5 percent  CW20M/CH2C12  solution. 

In  all  cases,  and  analysis  conditions  produced  adequate  resolution  for  identi- 
fication and  quantitation  of  the  components  under  investigation. 
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Figure  4 


CHROMATOGRAM  OF  ACETONE  DERIVATED 
REACTION  MIXTURE  EXTRACT 
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SAMPLE 

MMH  REACTION  MIXTURE 
CHROMATOGRAM 

RT  = 7.20;  MMH  DERIVATIVE 

Rt  = 8.90;  Cn-8  STD 

Rt  = 9.74;  Hz  DERIVATIVE 

Rt  = 11.54;  Cn-9  STD 

ALL  OTHERS  MAJOR  PEAKS 
ARE  REACTION  BY-PRODUCTS 
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The  area  response  data  for  each  component  under  investigations  Is  given 
In  Table  1.  The  maximum  area  that  can  be  quantitatively  measured  (at  signal 
to  noise  ratio  of  3:1)  Is  approximately  30  area  units.  The  area  responses 
are  linear  over  the  concentrations  spanned  by  each  split  ratio.  In  practice, 
samples  In  similar  concentration  ranges  are  grouped  and  the  split  and  analysis 
conditions  are  optimized  for  that  concentration  range.  For  mixtures  where  the 
individual  components  are  In  widely  varying  concentrations,  the  split  is  set 
to  provide  the  necessary  sensitivity  for  the  lowest  concentration  component. 
The  Integration  conditions  are  then  adjusted  to  accommodate  the  overload 
tailing  that  results  in  the  high  concentration  components.  Standards  re- 
flecting this  concentration  variation  are  also  used. 

The  recoveries  for  samples  at  0.10  mg/ml  and  1.00  mg/ml  are  98.3  + 

0.5  percent  (n=10)  for  MMH,  96.2  + 1.2  percent  for  Hz,  and  9.7  + 1.2  percent 
for  UDMH.  The  recoveries  using  two  extractions  for  samples  at  10.0  mg/ml  are 
96.3  + 1.5  percent  (n=10)  for  MMH,  93.0  + 2.0  percent  for  Hz,  and  91.8  + 2.1 
percent  for  UDMH.  The  use  of  a third  extraction  Increases  the  recoveries  for 
all  components  to  98  + 1.0  percent.  The  recoveries  of  the  components  were 
the  same  for  both  water  and  the  simulated  reaction  media.  The  data  presented 
in  Figure  5 Illustrates  the  effect  of  the  organic  to  aqueous  ratios  of  the 
number  of  extractions  on  the  recovery  of  the  MW  and  Hz  derivatives  from  the 
simulated  reaction  media. 

GC  Analysis.  The  maximum  sensitivity  was  achieved  at  a 5:1  split  ratio 
with  a 2 yl  injection  using  peak  height  for  quantitation  Instead  of  Integrated 
area.  The  lowest  detectable  concentration  (a  signal  to  noise  ratio  of  3)  was 
approximately  0.5  yg/ml  for  a MMH  and  0.2  yg/ml  for  Hz. 

The  integrator  reproducibility  for  repeated  (autosampler)  Injections  of 
the  sample  was  better  than  1 percent.  The  reproducibility  of  the  overall 
analysis  procedure  was  better  than  2.5  percent,  on  the  analysis  of  30  blind 
pairs  of  reaction  samples  and  10  pooled  standards  where  sample  component  con- 
centrations are  greater  than  100  yg/ml.  The  error  In  the  overall  analysis 
procedure  was  the  measurement  of  the  total  reaction  mixture  volume  and  the 
sample  aliquot  volume.  These  generally  had  a 5-10  percent  factor.  Thus  the 
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AREA  RESPONSE  FOR  ACETONE  DERIVATIVES  OF 
UDMH,  MMH,  AND  HZ 
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Aqueous  Cone  = I.OOmg/ml  Aqueous  Cone  = lO.OOmQ/ml 


Puz 

(*H)d  U0|P0J4»3  piij 

puz 

<HWW)d  uoipoi)X3  >«Jtj 

c _ 
« 

CD 


puz 

puz 


{ *H ) d UO!*OOJ|*3  pjy  q 

(HWW)d  uoipoipta  »tiij  J - 


(*H)d  U0!p04»*3  »Siij  q ^ 

(HWW)d  U0U30i»*3  JSJjj  5 - 


<*H)d  UO!PDiJX3  JSJIJ  _ 

'TvJ 

(HWW)d  U0!PDJ»*3  jsjij  J " 


(ZH)d  U0|pDi»x3  jsjij 
(MWW)d  ooipoJ*x3  pi|3 


(zH)d  U0!*00J|*3  isjij  g ^ 


(HWW)d  U0|p0J*X3  isijj  J - 


puz 

puz 


(*H)d  uojpoj*X3  »SJ|j  q N 

(HWW)d  uoipon*3  isj;j  g - 


P'£  PUZ 


* «(*H  )d  UQ!P0i»X3  pjy 

J»(HWW)d  uQ!PQitX3  t»i!d  J*  ~ 


8 8 S J2  S 8 


( »U03  uoipps  snoenbv  10  »fto{u»oied ) 

Xi«A03#y  eAfioAiieQ  hww  puv  *h 


ACETONE  REACTION  PRODUCT  RECOVERIES 
•*P(MMH)  * MMH  ACETONE  REACTION  PRODUCT 


gc  analysis  procedure  was  not  the  limiting  factor  In  the  accuracy  and  repro- 
ducibility of  the  reaction  mixture  analysis. 

The  direct  analysis  of  the  reaction  mixture  or  Hz  solutions  following 
derlvatizatlon  with  acetone  was  also  accomplished  using  the  0V-101  WCQT  column 
(which  Is  water  stable).  Figure  6 shows  a chromatogram  of  a direct  Injection 
of  a derlvatlzed  reaction  mixture  distillate  sample.  Peak  tailing  begins  to 
occur  following  8 to  10  Injections.  The  can  be  corrected  by  changing  the 
injector  port  liner  and  breaking  off  about  0.5  m of  the  column  ever))  20  - 30 
samples.  The  background  Is  greater  and  the  FID  less  sensitive  for  the  direct 
analysis  of  aqueous  samples.  The  lower  detectable  limit  Is  about  5 ppm  for 
each  component.  The  area  response  for  standard  solutions  (1.0  mg/ml)  Is  stable 
30  min  after  the  addition  of  acetone.  If  mild  heat  Is  used  95  percent  derl- 
vatizatlon can  be  effected  In  5 min  and  98  percent  in  10  min. 

DISCUSSION 

The  gc  glass  capillary  procedure  utilizing  the  hydrazone  derivatives  of 
UDMH,  MMH,  and  Hz  provides  a reliable  analysis  technique  for  use  In  situations 
that  require  large  numbers  of  samples  to  be  routinely  assayed  (the  extraction 
procedure).  It  is  also  a useful  procedure  for  analysis  applications  that  re- 
quire quick  turnaround  (the  direct  assay).  The  derlvatizatlon  reaction  uti- 
lizing acetone  is  quantitative  and  fast.  Other  reagents  were  tried  and  useable, 
chromatographable  products  were  produced,  but  none  provided  as  good  an  overall 
assay  procedure  as  acetone  for  all  components  under  consideration.  The  forma- 
tion of  pyrazoles  using  2,4-pentanedione  (AA),  as  outlined  by  Dee  (2),  has 
several  disadvantages  that  can  be  overcome  by  using  acetone  to  fora  the  hydra- 
zone  products.  Excess  AA  will  produce  some  chromatographic  Interference  with 
the  product,  making  It  necessary  to  hold  the  amount  of  AA  added  to  a minimum. 
This  is  inconvenient  for  large-scale  analysis  of  samples  where  the  component 
concentrates  are  not  known.  Since  the  acetone  peak  Is  well-resolved  from  all 
of  the  hydrazone  products,  excess  acetone  does  not  present  a problem.  UDMH 
cannot  be  assayed  using  the  AA  procedure  since  a derivative  Is  not  formed. 
Acetone  produces  a hydrazone  derivative  with  UDMH  that  is  well -resolved  from 
the  MMH  and  Hz  products,  allowing  a simple-standard  procedure  to  be  used  for 
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Figure  6. 


CHROMATOGRAPH  OF  DIRECT  INJECTION  OF 
ACETONE  DERIVATED  REACTION  MIXTURE 
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ANALYSIS  CONDITIONS 
TEMP  1 * 75° 

TIME  1 =6.00 
RATE  = 7.50°/MIN 
TEMP  2 n 190° 

TIME  2 = 5.0  MIN 
STOP  9 15  MIN 
SPLIT  « 35:1 
INJ  = 1.2 
SAMPLE 

0.56  mg/ml  HZ 
0.83  mg/ml  MMH 
1.50  mg/ml  IJMDH 
100  mg/ml  ACETONE 
SOLVENT  - WATER 
CHROMATOGRAM 

Rt  * 5.95;  UDMH  DERIVATIVE 
Rt  = 8.02;  m\  DERIVATIVE 
R,  = 9.64;  HZ  DERIVATIVE 


all  three  compounds.  The  acetone  reaction  does  not  require  pH  control  and 
the  hydrazone  products  can  be  easily  and  quantitatively  extracted  from  the 
aqueous  reaction  mixtures  with  a variety  of  solvents.  The  AA  reaction  Is 
slower  and  extraction  of  pyrazoles  requires  larger  solvent  volumes,  longer 
shaking  time,  and  more  careful  pH  control  to  obtain  reproducible,  quantitative 
recoveries.  The  advantages  of  using  the  acetone  derivatives  are  restricted 
to  the  WCOT/GC  technique  In  that  the  hydrazone  products  are  very  difficult 
to  resolve  using  packed  columns.  Thus  if  WCOT  columns  are  not  available, 
the  technique  of  Dee  (2),  modified  by  using  organic  extraction  procedures  to 
Increase  column  life  and  decrease  tailing,  would  still  provide  the  best  assay 
technique  for  MMH  and  Hz.  The  direct  gc  analysis  of  the  derivatlzed  aqueous 
reaction  mixture  or  reaction  mixture  distillate  can  provide  very  quick  sample 
turnaround  time  If  that  is  desired,  however,  the  salts  deposited  In  the  in- 
jections make  injection  port  cleaning  every  15  - 25  samples  mandatory.  Since 
less  effort  is  expended  performing  the  sample  extraction  than  maintaining  this 
instrument,  the  direct  analysis  does  not  produce  an  overall  cost  reduction. 

In  addition,  the  FID  response  Is  better  when  organic  solvents  are  used,  and 
since  N-P  detectors  cannot  be  used  with  direct  water  Injections,  the  extrac- 
tion procedure  will  allow  increased  sensitivity  to  be  obtained  where  necessary 
by  using  the  N-P  detector  system.  The  advantage  of  the  direct  injection  sys- 
tem is  that  it  can  provide  sample  turnaround  of  less  than  20  min.  The  sample 
can  be  derivatlzed  In  5 min  and  the  chromatogram  can  be  compressed  to  as  little 
as  3.5  min  for  MMH  and  UDMH  and  6 min  for  Hz  without  compromising  the  analysis. 

Because  of  the  resolution  power  of  the  WCOT  columns,  reactive  products 
other  than  UDMH,  W1H,  and  Hz  could  also  be  monitored  If  desired.  This  would 
Increase  the  gc  analysis  time,  as  many  of  the  by-products  are  in  the  lower 
boiling  ranges  that  require  longer  columns,  lower  temperatures,  and  slower 
temperature  programming  rates  to  achieve  peak  resolution.  Some  potential  does 
exist  for  the  direct  analysis  of  the  reactive  mixture  extracts  using  the  N-P 
dectector  that  would  allow  SDMH  to  be  assayed  also. 
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ANALYSIS  PROCEDURE  FOR  UDW,  MMH  AND  HZ 

I .  Sample  Preparation 


1.  Place  2.5  ml  of  sample  (volumetrlcally)  In  a 20  ml  screw  cap  vial, 
and  add  1.0  ml  of  acetone.  (If  salt  level  Is  high,  add  Ha0  until 
solution  Is  miscible) 

2.  Let  set  for  20  min  (5  min  with  mild  heat). 

3.  Add  5.0  ml  of  CH2C12  (or  benzene)  and  ISTD  (1.0  mg  of  Cn-8  and  Cn-9). 

4.  Add  0.5  ml  of  3N  NaOH  (make  pH  9.0). 

5.  Shake  on  a wrist  are  shaker  for  10  min  with  sufficient  agitation  to 

make  the  solution  homogeneous. 

6.  Allow  the  layers  to  separate  and  remove  the  organic  layer  to  a pre- 
labled  vial . 

7.  Add  5.0  ml  of  CH2C12  (or  benzene)  and  repeat  steps  5 and  6. 

8.  Analyze  on  gc  set  up  with  60-m  0V-101  WCOT  column.  Base  quantitation 

on  Cn-8  STD.  (Use  Cn-9  STD  as  an  Internal  check) 


II . 6C  Procedures 


1,  The  instrument  analysis  conditions  are: 


Maximum 


Setting 


Reading 


Temp  1 

250 

75 

75 

Time  1 

6.00 

Rate 

7.50 

Temp  2 

250 

240 

Time 

20.00 

INJ  Temp 

350 

200 

200 

FID  Temp 

400 

300 

300 

AUX  Temp 

350 

250 

250 

CHT  SPT 

0.50 

Zero 

10.0 

ATTN  2 

6 

FID  SGNL 

+6 

SLP  SENS 

40.00 

Area  REJ 

100 

Flow  A 

30.0 

30.0 

(made  u| 

Flow  B 

78.3 

74.3 

(70  to  1 

Time  Function 


Value 


6.00  SLP  Sens 

0.25 

8.50  Rate 

30.00 

8.75  SLP  Sens 

0.10 

9.50  SLP  Sens 

0.25 

12.50  Stop 

13.60  IFN 

13.65  Si.P  Sens 

10 

15.00  Stop 

1.00 

For  quantitation,  the  area  response  factors  are  calculated  using 
the  appropriate  standards. 

The  absolute  values  for  the  area  response  are  dependent  on  the  split, 
but  the  relative  response  factors  used  to  calculate  sample  values 
when  ISTD's  are  used  are  not. 
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